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 Sleep in infancy is predictive of later cognitive, behavioral, and socioemotional 
development, and early sleep difficulties can lead to challenges in any of these developmental 
domains. However, there is a dearth of knowledge regarding the early underpinnings of these 
sleep-related difficulties, as well as the complex linkages between sleep and caregiving in one’s 
earliest days. In a three-study project using a sample of 95 African-American infants and their 
caregivers, we systematically examined how to best measure infant sleep, how parenting in 
different contexts influences infant sleep, and how child and parent characteristics interact to 
predict sleep-related caregiving. In Study 1, we examined how early sleep is measured, and 
found that measures of variability and instability were predictive of child outcomes above and 
beyond traditional mean values of sleep. In Study 2, we compared the effects of parenting during 
the day and at bedtime on child sleep, and found no evidence of previously identified links 
between parenting and sleep, suggesting the presence of external moderating variables. In Study 
3, we examined how maternal anxiety symptomatology influences parenting throughout the 
night, and tested whether child emotional reactivity might play a role in this association. While 
no evidence of an interaction between maternal psychopathology and child emotional reactivity 
emerged, we argue that these findings are critical in further understanding the role of maternal 
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mental health in sleep-related caregiving and early sleep development. The findings from this set 
of studies can inform intervention aimed at promoting high-quality sleep health and, in turn, 
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Sleep in early childhood has long-lasting implications for development. In fact, early 
sleep is predictive of later cognitive, behavioral, and socioemotional functioning (Sadeh, 2007). 
Considering that children spend more time asleep than they do awake (Iglowstein et al., 2003), it 
is unsurprising that sleep has such strong effects across multiple domains of development.  
Even in the earliest days after birth, sleep promotes healthy development. The restorative 
effect of sleep, which allows the body to reset and prepare itself for the following day, is 
essential to healthy brain development and maturation in infants (Allen, 2012). As individuals 
grow, sleep continues to be important for general health and well-being. For instance, in 
childhood and early adolescence, key facets of sleep are related to a number of health outcomes, 
including obesity and hypertension (e.g., Javaheri et al., 2008; Knutson, 2012).  
Although sleep is critical for healthy development, many children are not consistently 
attaining the high-quality sleep that is necessary for optimal functioning. A large number of 
parents report that their infants have problems sleeping, and sleep difficulties are among the most 
common concerns expressed to pediatricians (Burnham et al., 2002; Sadeh et al., 2010). Because 
of the importance of early sleep, it is critical to understand the myriad factors that influence it. 
Additionally, due to the increasing interest in the study of early sleep, we must ensure that the 
way we are conceptualizing and measuring sleep is providing an accurate depiction of child 
experiences.  
Thus, in this collection of studies, we further our knowledge of early sleep by exploring 
its measurement, as well as how it is shaped by parents and caregiving behaviors. We begin with 
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a broad examination of how we analyze sleep, then move to a more nuanced look at one of the 
most important influences on early sleep, and conclude with a focused exploration of a potential 
interaction between parent and child characteristics in predicting sleep-related caregiving 
behaviors. 
In the first study, we explore how sleep is measured and analyzed in infancy. Typically, 
studies use a mean score based on aggregated sleep data from a period of time, usually one week, 
as a broad indicator of infant sleep. Here, we propose that it may be more important to 
understand the daily fluctuations in sleep and to this end, suggest the use of a measure of sleep 
instability – which considers both within-person variability and temporal dependence (Jahng et 
al., 2008) – as a more accurate indicator of sleep quality at this age. We hypothesize that a 
measure of instability might provide us with different, yet meaningful, information regarding 
early sleep and its associations with developmental outcomes that are perhaps sensitive to 
unstable sleep patterns, such as attention.  
In the second study, we examine the parent-child relationship, which has been established 
as an important predictor of early sleep (Sadeh & Anders, 1993). While extant literature provides 
evidence of the association between caregiving and sleep, these studies have looked solely at one 
index of parenting, either during the day, at bedtime, or through the night (Bernier et al., 2019). 
To our knowledge, no study has empirically and objectively compared daytime and bedtime 
parenting in their associations with infant sleep. Thus, a comprehensive examination of the links 
between parenting in two separate contexts and infant sleep will allow for a better understanding 
of how caregivers can shape and influence their children’s sleep, and test whether specific 
sleep-related parenting might exert a stronger influence. 
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Lastly, in the third study, we further explore the importance of the parent-child 
relationship for early sleep by examining the links among maternal anxiety, child emotional 
reactivity, and nighttime parenting behaviors. Clear links have been established from maternal 
psychopathology to child sleep (e.g., Teti & Crosby, 2012), and from nighttime parenting to 
child sleep (e.g., Philbrook & Teti, 2016). While an emerging line of research has begun to 
examine the association between maternal psychopathology and nighttime caregiving behaviors 
(e.g., Cronin et al., 2008), it has failed to consider the role of child emotional reactivity. 
Therefore, an examination of the hypothesized moderating role of child emotional reactivity in 
the link between maternal anxiety and nighttime parenting will allow us to unpack these complex 
associations and understand the way in which individual differences in infant emotional 
reactivity may influence parents differently based on their own psychological health. 
To address the above research questions, the three studies utilize data from the Neonatal 
and Pediatric Sleep (NAPS) study, a longitudinal study of 95 African-American infants and their 
caregivers. Studies have found that Black children and adults are at higher risk of experiencing 
low-quality sleep (Ash et al., 2019; Petrov & Lichstein, 2016); however, there is scant evidence 
of the early developmental origins of such disparities. Furthermore, most studies of sleep have 
utilized samples that are majority White and middle-class, thus preventing a comprehensive 
study of the predictors of poor sleep outcomes in diverse and understudied populations. While 
the NAPS sample does not allow for comparison with other racial or ethnic groups, it does allow 
for a look into the early sleep behaviors of an understudied group. Importantly, we do not 
suggest that later sleep health disparities are solely the result of racial or ethnic group 
membership, as we acknowledge the rampant systemic discrimination that exists which has 
created the confounding of race with other predictors of poor health outcomes, such as 
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socioeconomic status (Williams et al., 2016). Therefore, an understanding of the within-group 
differences in sleep behaviors in a sample of African-American infants will provide us with a 
better understanding of this association, as well as provide us with promising avenues for 
intervention to prevent later sleep health issues.  
Through the use of novel methodologies, including objective measurement of infant 
sleep, parenting, and nighttime behaviors, this set of studies will provide us with an in-depth 
examination of early sleep, its measurement, predictors, and outcomes. Due to the importance of 
early sleep for development in childhood and beyond, an examination of such breadth is not only 
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Study One: Beyond Mean Values: How a Measure of Instability Can Inform Our 
Understanding of the Impact of Early Sleep 
 
Introduction 
Sleep is a salient biopsychosocial process that has implications for well-being throughout 
an individual’s entire lifespan. Beginning in childhood, poor sleep is predictive of difficulties in 
cognitive, behavioral, and socioemotional functioning, including poor executive functioning, 
more behavioral problems, and reduced emotion regulation (Sadeh, 2007). Given that, in the first 
ten years of life, humans spend more time asleep than they do awake (Iglowstein et al., 2003), it 
is unsurprising that sleep can have such strong effects across multiple developmental domains. In 
addition, early sleep develops quite rapidly, with many changes in sleep patterns happening 
across the first year of life. From the earliest postnatal days, both the amount and the timing of 
sleep changes. Moreover, there is great variability in early sleep patterns, particularly in the first 
year of life (Burnham et al., 2002; Jenni & Carskadon, 2012; Mindell et al., 2016; Sadeh et al., 
2009; Thoman & Whitney, 1989). While there are both between- and within-person differences 
in overall sleep in infancy and early childhood, there is evidence of consistent changes that occur 
in both sleep quantity and quality. 
The current study will explore sleep development in infancy, and specifically, the ways in 
which sleep is measured during this pivotal point in the life course. We will discuss the 
importance of sleep for early development, and investigate how the way sleep is measured might 
affect its links to later outcomes. While extant literature has primarily examined average sleep 
behaviors as the predictor of child outcomes, an emerging line of work has examined the role of 
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sleep variability in these associations. The current study will take this work one step further by 
proposing the use of a measure of sleep instability to better analyze the fluctuations in early sleep 
patterns that may have long-lasting implications for child development.  
Sleep and Child Outcomes 
Indicators of sleep quantity and sleep quality in infancy have been linked to numerous 
developmental outcomes, including those in both the behavioral and cognitive domains.  
Behavioral Outcomes 
Examinations of the link between early sleep and child behavioral development largely 
point to the benefit of greater sleep quantity and quality. Sleep duration, in particular, has been 
the focus of most of these studies. In the first year of life, negative mood is associated with a 
later bedtime and a shorter sleep duration, while an easy temperament is associated with 
increased sleep duration (Scher et al., 1998; Spruyt et al., 2008). A similar pattern emerged in a 
study of toddlers, as shorter sleep duration is associated with less adaptability and greater 
distractibility (Scher et al., 1992). However, it is important to note that evidence of the link 
between early sleep and temperament is mixed, likely due to the maternal report measures used 
to assess temperament (Scher et al., 1998). While it is clear that early sleep and temperament are 
highly correlated, future studies should focus on identifying the directionality of this link, and 
whether a causal relationship truly exists.  
Causal links have been found, however, between sleep and self-regulation. Self-
regulation, an important set of skills that allows an individual to control their emotions, 
cognitions, and behaviors across various contexts, develops throughout the first few years of life 
(Kopp, 1982), and has thus been studied in relation to sleep, which is also developing throughout 
this time. A sleep restriction study of toddlers aged 30-36 months found that shorter total sleep 
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duration is associated with the use of less advanced self-regulation skills during a challenging 
puzzle task (Miller et al., 2015). Instead of utilizing more mature verbal skills, these nap-
deprived toddlers engaged in more physical self-soothing behaviors, which are more frequently 
used by younger children. In addition to altering the manner in which children self-soothe, poor 
sleep can also hinder the capacity to regulate more generally. In a longitudinal study, sleep 
problems in the first year of life were predictive of emotion dysregulation two years later 
(Williams et al., 2017). In a related study, the authors found that sleep problems in first 3 years 
of life were linked with poor emotion regulation up to age 7 (Williams & Sciberras, 2016). 
Cognitive Outcomes  
A number of studies have highlighted the influence of sleep on early cognitive processes, 
although rarely in infancy. The few studies that have focused on the earliest portion of the life 
span have provided evidence of the positive relation between better sleep and improved 
cognitive performance. Importantly, as is the case with most studies on early sleep, these studies 
have examined different facets of sleep. In two related studies, higher proportions of sleep during 
the nighttime at 12 months were predictive of better executive functioning at 18 and 26 months, 
and at 4 years of age (Bernier et al., 2010a, 2013). While those studies provided evidence of the 
benefit of more sleep during the nighttime period, another study conversely found advanced 
cognitive processes to be linked to greater daytime sleep. In 10-month-olds, longer daytime nap 
duration was related to better memory encoding and generalization (Lukowski & Milojevich, 
2013).  
Links have also been found between early sleep and attention, specifically. In a study of 
premature infants, poor neonatal sleep quality predicted reduced attention regulation and greater 
distractibility longitudinally at 4 and 18 months (Geva et al., 2016). Another longitudinal study 
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found that poor sleep quality at 12 months was associated with poorer performance on an 
executive attention task in preschool (i.e., 3-4 years of age) (Sadeh et al., 2015). Interestingly, no 
links were found between concurrent sleep in the preschool years and attention, suggesting that 
sleep in infancy is perhaps more important for the development of later attentional processes.  
Development of Sleep 
 As discussed above, it is clear that early sleep is important for multiple domains of child 
development. However, inconsistencies in the measurement of early sleep might undermine the 
importance of these findings. There are many ways in which infant sleep has been quantified in 
the literature, often matching up with information gathered from physiological measures such as 
actigraphy or, more commonly, from parent report. Some of these measures focus on sleep 
quantity, and include measures such as sleep duration during the day or night, while others 
describe the quality of sleep, such as how often infants wake up throughout the night. While the 
use of these sleep measures has been inconsistent in the literature, common trajectories of 
development in both sleep quality and quantity exist. These patterns are described in more detail 
below.  
Sleep Quantity 
Throughout infancy, total sleep duration – which includes sleep during both the daytime 
and nighttime – decreases (Galland et al., 2012). On average, newborns sleep approximately 16 
hours each day (Adair & Bauchner, 1993; de Weerd & van den Bossche, 2003; Parmelee et al., 
1964). By 3 months, average total duration decreases to about 14-15 hours each day, and by 6 
months, this decreases further to about 13-14 hours (Adair & Bauchner, 1993; de Weerd & van 
den Bossche, 2003; Iglowstein et al., 2003; Louis et al., 1997; Parmelee et al., 1964). On 
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average, total duration remains relatively constant for the remaining portion of the first year of 
life, and then continues to decrease into toddlerhood.  
The reduction in total sleep duration with age is driven by the co-occurrence of a 
reduction in napping (Acebo et al., 2005). Napping, or sleeping during the daytime, is extremely 
common in infancy and toddlerhood, but then gradually decreases before disappearing 
completely in childhood (Galland et al., 2012; Iglowstein et al., 2003; Weissbluth, 1995). Even 
within the first year of life, we see a decrease in number of naps; 6-month-olds nap 2-3 times per 
day, while 9-12-month-olds nap only 2 times per day (Weissbluth, 1995).  
Sleep Quality 
As sleep duration changes during the first year of life, so does the longest sleep period 
(LSP). The LSP refers to the longest chunk of time spent in uninterrupted sleep, with no 
wakings. The LSP is a marker of sleep consolidation, which refers to the extent to which a 
child’s sleep occurs in few periods (Henderson et al., 2011). For example, a child with low sleep 
consolidation might sleep for 10 hours each day, spread out into five 2-hour chunks, while a 
child with highly consolidated sleep would sleep for a continuous 10 hours. As children age, 
sleep gradually becomes consolidated into longer intervals, with the most rapid consolidation 
occurring in the first four months (Anders & Keener, 1985; Henderson et al., 2010; Parmelee et 
al., 1964). The literature is inconsistent regarding changes in the LSP after about 2 months of 
age. Some suggest that the LSP increases until approximately 3 months of age, and then plateaus 
for the remainder of the first year (Burnham et al., 2002; Henderson et al., 2011), while others 
suggest that this plateau does not occur until about 18 months of age (Nagy Jacklin et al., 1980). 
Lending support to the latter point is a cross-sectional study of 80 infants between 3-12 months 
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old, in which LSP increased by approximately 50 minutes from 3 to 12 months (Goodlin-Jones et 
al., 2001).  
A reduction in number of night wakings, or periods of wakefulness that occur between 
the onset of sleep and morning wake time, is seen during the first year of life. Children wake up 
during the nighttime for a variety of reasons, such as physical discomfort or hunger. Although, 
some argue that, beyond 6 months of age, waking during the night for feeding is a learned 
behavior rather than a necessity (Adair & Bauchner, 1993). Regarding frequency of wakings in 
the first year of life, studies point to a decrease in number of nighttime wakings from 1-3 
months, and then a plateau from 3-12 months (Burnham et al., 2002; Goodlin-Jones et al., 2001).  
The developmental trajectory of sleep efficiency, or the percentage of time spent asleep 
from sleep onset until wake time the next morning, has not been studied as extensively as the 
other sleep variables. Since sleep efficiency is derived from nighttime sleep duration and number 
of night wakings, it follows a similar pattern throughout infancy. That is, as infants age and 
nighttime sleep duration and number of night wakings decrease together, sleep efficiency 
increases, as more of the time spent in bed is spent asleep (Tikotzky et al., 2015; Tikotzky & 
Sadeh, 2009). 
Measurement of Sleep Behaviors 
Historically, researchers have often relied on mean values of data when looking at sleep, 
both in infancy and across the life span. Indeed, all of the studies referenced above that collected 
objective actigraphy data utilized mean values of sleep behaviors in their prediction of various 
developmental outcomes. Simply put, sleep data was collected for a series of days (usually at 
least 5), and then averaged across that entire time period. While this method of data reduction 
allows for a global measure of sleep, it might be neglecting the important variability in sleep that 
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is extremely common, particularly in infancy and early childhood (Burnham et al., 2002; Jenni & 
Carskadon, 2012; Mindell et al., 2016; Sadeh et al., 2009; Thoman & Whitney, 1989).  
In addition to more accurately portraying the rapidly changing patterns of sleep in the 
early life course, measures of within-person variance in sleep might also represent broader 
contextual issues such as chaos in the home, less structure around bedtime, and less value placed 
on the importance of high-quality sleep. Therefore, more variable sleep might be predictive of 
worse child outcomes, particularly those which are dependent on consistent high-quality sleep. 
The concept of variability within an individual’s sleep patterns has recently become increasingly 
popular, as researchers have begun to acknowledge the additional information that this data 
might be providing us. In fact, findings from the few studies that have compared intra-individual 
and inter-individual differences in sleep reveal that variability within an individual’s own sleep 
patterns exceeds that which exists between multiple individuals (e.g., Knutson et al., 2007; 
Mezick et al., 2009). In addition, there is evidence that intra-individual variability in sleep 
patterns may be more predictive of a range of outcomes compared to average sleep behaviors. 
For example, in a study of obesity in adolescence, variability in sleep duration was associated 
with overconsumption, while no significant links were found with average sleep duration (He et 
al., 2015).  
Moreover, the majority of researchers who have examined this variability have done so 
using the statistical measure of standard deviation, which is the square root of the calculated 
variance (for an exception, see Meltzer et al., 2015). Although standard deviation, or its squared 
product – variance, is a useful tool for mapping intra-individual change, it accounts solely for 
within-person change from the mean. While this within-person change is certainly a key 
component of variability, a measure of instability – an extension of variability – might be better 
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suited for studies of intra-individual change in sleep, particularly in infancy. Mean successive 
squared difference (MSSD), a measure of instability, takes into account both variability and 
temporal dependence (Jahng et al., 2008). While MSSD has traditionally been used as a 
statistical technique to examine instability in affective states evaluated through ecological 
momentary assessments (Jahng et al., 2008), it can easily be applied to studies of early sleep. 
This measure not only considers how different one night of sleep is from another, but also how 
one night’s sleep influences another night (for example, is Wednesday’s sleep dependent on 
Tuesday’s sleep). Higher values of instability are thus indicative of greater variability coupled 
with lower dependency on the previous night.  
Current Study 
While it is clear from the extant literature that early sleep is important, it is equally 
evident there are multiple ways of conceptualizing and measuring early sleep, each with their 
own benefits and disadvantages. However, to our knowledge, no study has directly examined 
three different types of sleep variables – average, variability, and instability – and their 
comparative predictive value in links with later developmental outcomes in the earliest part of 
the life course.  
The current study explores sleep in infancy using the various measures of sleep quality 
and quantity described above, using traditional mean values, a common measure of variability 
(variance), and a more novel measure of instability (MSSD). Specifically, we examine how sleep 
instability, variability, and average sleep compare to one another, and how they compare in their 
associations with behavioral and cognitive outcomes in the first year of life. 
In addition to advancing the literature in the aforementioned ways, this study will also 
add to the field through its use of data from a sample of African-American infants and their 
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caregivers. While studies have found that Black children and adults are at higher risk of 
experiencing low-quality sleep (e.g., Petrov & Lichstein, 2016), little is known regarding the 
early developmental origins of such disparities. Therefore, an understanding of the general 
patterns of sleep in infancy and its associations with early outcomes within this understudied 
group will provide us with a better understanding of this association, as well as provide us with 
promising avenues for intervention to prevent later sleep health issues. 
Hypotheses 
1. Greater average sleep quality (higher sleep efficiency, fewer wakings, longer longest 
sleep period) and greater average sleep quantity (longer nighttime and daytime duration) 
at 3 months will be associated with better child outcomes at 6 months, including more 
self-regulation behaviors, greater cognitive ability, and increased attention. 
2. Greater intra-individual change across nights (measured using common variance 
(variability) as well as more novel MSSD (instability) methods) in both sleep quantity 
and quality variables at 3 months will be associated with poorer child outcomes at 6 
months, including fewer self-regulation behaviors, lower cognitive ability, and decreased 
attention. 
3. Sleep instability (MSSD) and sleep variability (variance) will differentially predict 
multiple outcomes, compared to average sleep, including self-regulation, cognitive 
ability, and attention. Due to the lack of literature on this topic, this aim is exploratory 







Data come from the Neonatal and Pediatric Sleep (NAPS) study, a longitudinal study of 
95 African-American mother-infant dyads. Women who resided within a 50-mile radius of a 
large public university in North Carolina and had an infant younger than 3 months were recruited 
via public birth records, social media, and flyers. Potential participants did not meet inclusion 
criteria if mothers were younger than 18 years of age, did not identify as African-American, did 
not speak fluent English, or if their infants experienced serious medical complications at birth 
(e.g., NICU stay > 7 days) or were part of a multiple birth.  
Of the total 95 infants included in our sample, seven (7.4%) were born prematurely (e.g., 
gestational age < 37 weeks) and had their visit dates delayed until they reached the appropriate 
adjusted age. The average adjustment for prematurity was 13 days (range = 1 - 30). The average 
age of mothers in our sample was 29 years (range = 19 – 48). Almost all (99%) of mothers 
received a high school degree or higher, and 40% of mothers received a four-year college degree 
of higher. Fewer than half of the infants (35%) were firstborn. 
Procedures 
In-home data collection visits took place when infants were 3 and 6 months of age. 
During this daytime home visit, mother-infant dyads participated in various parent-child 
interaction tasks and caregivers completed questionnaires. At the 6-month home visit, additional 
cognitive and parent-child interaction tasks were conducted. Research assistants conducted an 
attention task with infants, and infants and their caregivers participated in the Still Face 
Paradigm. The day after the initial 6-month home visit, research assistants returned to the home 
and conducted the Bayley cognitive assessment. The decision to conduct the Bayley on the day 
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after the initial home visit was made to reduce the potential effects of infant fatigue from the 
other tasks.  
Beginning on the evening of the home visit, families completed a 1-week sleep 
assessment, including 1 night of videosomnography, 7 days and nights of actigraphy monitoring, 
and 7 days of mother-reported sleep diaries. For their participation, infants were provided with a 
small toy at the end of each home visit, and mothers received compensation of up to $130 in the 
form of a gift card. Participants provided written consent before data collection, and all 
procedures were approved by an institutional review board. 
Measures 
Actigraphy 
Infant sleep was measured at 3 and 6 months via actigraphy throughout the daytime 
(7AM – 7PM) and nighttime period (7PM – 7AM) for the weeklong sleep assessment. At the 
beginning of the in-home data collection visit, a lightweight actogram (Actiwatch-2) was placed 
on the infant’s left ankle. Caregivers were told to keep the actogram on the infant for the entire 
week, except during baths lasting longer than 20 minutes. Infant activity was measured in 15-s 
epochs, and data from the actogram were edited using Phillips Actiware software (version 6.0). 
The activity threshold for scoring the infant as awake was set to the Automatic setting (.888 x 
average activity count) at 3 months and the Low setting (20 activity counts) at 6 months, which 
is consistent with prior studies (e.g., So et al., 2005). A complete description of the actigraphy 
data collection has been published elsewhere (Camerota et al., 2018).  
The current study uses variables representing both sleep quality and sleep quantity. Sleep 
quality variables include sleep efficiency (SE), number of night wakings (NW), and longest sleep 
period (LSP). Sleep quantity was measured via sleep duration during the nighttime (SPD) and 
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daytime (NAPD; e.g., from naps). SE is a measure of the percent of sleep during the sleep period 
(i.e., from bedtime to wake time), NW is the number of times the infant woke up during the sleep 
period, and LSP represents the longest period of time (in minutes) during which the infant was 
continuously asleep. SPD is the total number of minutes from bedtime to morning wake time, 
and NAPD is the sum of total minutes of sleep during the daytime. 
For the current study, sleep variables were measured in three ways. First, traditional mean 
values were calculated by averaging each variable across the 7-night period. Second, we 
calculated the variability of each sleep measure by calculating the variance. Third, we calculated 
the instability mean successive squared difference (MSSD) variable for each of the sleep 
measures. The following formula from Jahng et al. (2008) was utilized, where N represents the 
number of nights. 
𝑀𝑆𝑆𝐷 =  
1
𝑁 − 1






 During the 6-month home visit, mother-infant dyads participated in the Still Face 
Paradigm (SFP; Tronick et al., 1978). Infants were placed in a car seat on top of a table, and 
mothers were seated in a chair facing the infant. The SFP consists of three episodes – normal, 
still face, and reunion. During the 2-minute normal episode, mothers were instructed to interact 
with their infants as they normally would. They were then asked to turn away for 15 seconds. 
The 2-minute still face episode began when mothers turned back to face the infant, this time with 
a still – or expressionless – face. During these 2 minutes, mothers were instructed not to speak to 
or touch their infants. After this episode, mothers turned away again for 15 seconds, and then 
faced the infant for the 2-minute reunion episode. Here, mothers were instructed to again interact 
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with their infant as they normally would. If the infant showed signs of great distress, the task was 
terminated early.  
For the current study, we use a measure of self-regulation during the still face episode, 
which is calculated as a proportion score representing the proportion of the 2-minute episode that 
the child is engaged in self-soothing activities.  
General Cognitive Ability 
General cognitive ability was measured at 6 months using the cognitive subscale of the 
Bayley Scales of Infant Development (BSID-III; Bayley, 2006). Scaled scores were calculated 
based on infant performance and age at assessment.  
Attention 
 Infant attention behavior was measured at 6 months during a novel puppet presentation 
task (adapted from Diamond et al., 1997). The infant sat on the mother’s lap in a chair placed 60 
cm from a table, which the research assistant sat behind on the floor. During the task, a trained 
research assistant placed a decorated puppet on either their left or right hand and got the child’s 
attention by tapping the puppet on the table (Cuevas & Bell, 2014). The research assistant then 
placed their arm with the puppet on the table, such that the puppet was level with the child’s 
face. The research assistant observed the child’s eye movements, and verbally made note of each 
time the child looked away from the puppet for more than 3 seconds. Each time the child looked 
away, the research assistant repeated the process of getting the child’s attention and putting their 
arm up, for a total of 4 complete “looks” at the puppet. Puppet hand was counterbalanced across 
participants. The task was videorecorded and later coded for child looking time. 
Here, we used median look duration across four looks as a measure of infant attention 
behavior, with longer looking times considered indicative of better infant attention.  
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Covariates 
Covariates to be tested include maternal education and child sex, as both have been 
linked to self-regulation and cognitive outcomes (Koutra et al., 2012; Montroy et al., 2016). 
Maternal education was measured in years, and child sex was measured as a binary variable, 
where 0 = male and 1 = female.  
Analysis Plan 
All descriptive analyses were performed using SAS version 9.4. First, we examined the 
distributions of all variables, and transformed any variables that were non-normally distributed. 
Then, we conducted bivariate correlations among all study variables (Aim 1). Substantive 
analyses were performed in Mplus version 8.1. Missing data was handled using full-information 
maximum likelihood (FIML), which is best used with data that is missing at random – which was 
the case for the current study. A series of ordinary least squares (OLS) regressions were 
conducted to examine associations between sleep variables and child outcomes (Aim 1), and to 
compare the predictive value of the different types of sleep variables (Aim 2). For all substantive 
analyses, only covariates significantly correlated with the outcome variable were included. 
Aim 1: How are the three types of sleep variables at 3 months – average sleep, sleep variability, 
and sleep instability – related to child outcomes at 6 months? 
 To examine the relations among study variables, bivariate correlations were first 
conducted. These correlations allowed for preliminary examinations of the relations between the 
sleep variables at 3 months and child outcomes at 6 months to determine which associations to 
explore in analyses. Based on the results of the bivariate correlations, significant or trending (p < 
.10) associations were further analyzed through individual OLS regressions. Child outcomes at 6 
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months were regressed separately on traditional mean values of sleep, sleep variability, and sleep 
instability at 3 months.  
Aim 2: Do sleep variability and sleep instability differentially predict child outcomes compared 
to average sleep, and are variability (variance) and instability (MSSD) predictive above and 
beyond mean sleep?   
 For all associations that involve the same child outcome (i.e., self-regulation, cognitive 
ability, or attention), standardized coefficients from the above OLS regressions were compared 
to assess the predictive value of sleep variability (variance) and instability (MSSD) compared to 
that of the traditional mean values of sleep. Additionally, to assess whether sleep variability or 
instability predicts those child outcomes above and beyond mean values of sleep, both sleep 
variables were entered as predictors into the regression model.  
Results 
Descriptive Statistics 
 Descriptive statistics for all study variables are presented in Table 1.1. Mothers in our 
sample had an average of 14.75 years of education (SD = 2.22), which approximately equates to 
a two-year college degree. The children in our sample were about 53% male. At 3 months, 
infants slept an average of 481.53 minutes each night (SD = 64.16), or approximately 8 hours. 
They slept an additional 179.16 minutes each day (SD = 65.86), or about 3 hours.  
 Correlations among all study variables are presented in Table 1.2. For mean sleep, 
average sleep efficiency was negatively correlated with general cognitive ability (r = -.25, p < 
.05), and average longest sleep period was negatively correlated with self-regulation, although 
this was only trending toward significance (r = -.21, p < .10). Variability in sleep efficiency was 
positively correlated with attention (r = .30, p < .05). Variability in number of night wakings was 
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positively correlated with self-regulation (r = .35, p < .01), and negatively correlated with 
general cognitive ability, although this was only marginally significant (r = -.19, p < .10). 
Variability in daytime sleep duration was negatively correlated with attention (r = -.36, p < .01). 
Instability in sleep efficiency was correlated with attention (r = .25, p < .05), instability in 
number of night wakings was marginally correlated with self-regulation (r = .24, p < .10), and 
instability in daytime sleep duration was negatively correlated with attention (r = -.39, p < .01). 
Looking at our covariates, we see that only maternal education was positively correlated with 
child attention (r = .29, p < .05), and was thus retained for corresponding analyses. Correlations 
among the different types of sleep variables are presented in Tables A1.1-3.  
Substantive Models  
 Based on the bivariate correlations, we tested models looking at the association between 
the three types of sleep variables and child outcomes. Standardized coefficients are presented in 
Tables 1.3-5, and we include both adjusted (for significantly correlated covariates) and 
unadjusted models, as well as models controlling for mean sleep (where the independent variable 
of interest is either sleep variability or instability). Since all models were fully saturated, we do 
not report model fit statistics.  
Sleep Predicting Self-Regulation  
Results from unadjusted models predicting self-regulation are shown in Table 1.3. 
Greater mean nighttime sleep duration ( = -.22, p < .05) and greater mean longest sleep period 
( = -.20, p < .05) were both negatively associated with self-regulation. Greater variability in 
number of night wakings was positively associated with self-regulation ( = .31, p < .05), as was 
greater instability in number of night wakings ( = .23, p < .05). 
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Sleep Predicting General Cognitive Ability 
Results from unadjusted models predicting general cognitive ability are shown in Table 
1.4. For mean sleep, greater sleep efficiency was associated with poorer cognitive ability ( = -
.27, p < .01). Greater variability in number of night wakings was also associated with poorer 
cognitive ability ( = -.24, p < .01). 
Sleep Predicting Attention 
Results from adjusted models predicting attention are shown in Table 1.5. Greater 
variability ( = .31, p < .05) and greater instability ( = .29, p < .05) in sleep efficiency were 
associated with increased levels of attention. Greater variability in daytime sleep duration was 
only marginally predictive of decreased attention ( = -.35, p < .10), while greater instability in 
daytime sleep duration was significantly associated with decreased attention ( = -.37 p < .05). 
Comparison of Standardized Coefficients for Same Outcome 
As reported above, self-regulation was predicted by all three types of sleep variables. 
However, the mean sleep variables (nighttime sleep duration and longest sleep period) were less 
strongly associated with the outcome compared to the variability and instability variables. When 
comparing the variability and instability variables – both number of night wakings – we see that 
variability was more strongly predictive of self-regulation than instability. For general cognitive 
ability, mean sleep efficiency was slightly more strongly predictive compared to variability in 
number of night wakings. For the models predicting attention, variability in sleep efficiency was 
more strongly linked to the outcome compared to instability of the same variable. However, 
instability in daytime sleep duration was more predictive of attention than variability in daytime 
sleep duration.  
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Models Controlling for Mean Sleep 
To assess whether sleep variability and sleep instability variables predicted child 
outcomes above and beyond mean sleep, analyses were conducted controlling for the 
corresponding mean sleep variable. In the models predicting self-regulation (Table 1.3), greater 
variability ( = .30, p < .05) and instability ( = .21, p < .05)  in number of night wakings were 
significantly associated with more self-regulation behaviors, above and beyond mean number of 
night wakings. In the model predicting general cognitive ability (Table 1.4), greater variability in 
night waking was significantly associated with lower scores ( = -.26, p < .01), above and 
beyond mean number of night wakings. Similar patterns were found in the adjusted models 
predicting child attention (Table 1.5). Both greater variability ( = .31, p < .05)  and instability ( 
= .28, p < .05)  in sleep efficiency were related to increased attention, above and beyond mean 
sleep efficiency. Additionally, both greater variability ( = -.40, p < .05) and instability ( = -.43, 
p < .05) in daytime sleep duration were related to poorer attention, above and beyond mean 
daytime sleep duration.  
Post-hoc Analyses 
 In an effort to understand results that were contrary to our hypotheses – namely that 
greater mean sleep quantity and quality were associated with fewer self-regulation behaviors, we 
ran a number of post-hoc tests. First, we examined the relations between mean sleep duration and 
longest sleep period and expressed negativity during the still face episode of the Still Face 
Paradigm. There was no correlation between either mean sleep duration (r = .004, p > .05) or 
mean longest sleep period (r = .05, p > .05) and negative affect. Next, we examined the relations 
between mean sleep duration and mean longest sleep period and child temperament at 6 months 
(measured using the Infant Behavior Questionnaire – Revised; Gartstein & Rothbart, 2003; 
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Putnam et al., 2014). No significant correlations were found between the mean sleep variables 
and any of the three temperament subscales – positive affect/surgency, negative affect, or 
orienting-regulatory capacity (rs = -.16 - -.07, ps > .05). Lastly, we examined the relation 
between expressed negativity during the still face episode and self-regulation behaviors 
exhibited. There was indeed a negative correlation between negative affect and self-regulation 
behaviors (r = -.26, p < .05).  
Discussion 
 The current study examined the links among three types of sleep variables – mean, 
variability, and instability – and behavioral and child outcomes in the first 6 months of life, with 
the goal of comparing the predictive value of each type of sleep variable and its efficacy in 
modeling early sleep. Differential associations were found between the three types of sleep 
variables and child outcomes, providing support for the argument that including a measure 
beyond traditional mean sleep is beneficial to understanding how early sleep influences 
development. Depending on the research questions of interest, future studies should consider 
incorporating a more nuanced measure, such as variability or the more complex instability, to 
more carefully unpack the multifaceted associations between sleep and child development.  
Sleep and Self-Regulation 
 Contrary to our hypotheses, we found that greater mean nighttime sleep duration and 
greater mean longest sleep period were associated with fewer self-regulation behaviors. While 
unexpected, it is reasonable to conclude that these findings suggest that the children who get 
more, higher-quality sleep are not as distressed or aroused during the still face episode and 
therefore are not exhibiting self-regulation behaviors. However, post-hoc analyses of the 
correlations between the sleep variables and negative affect during the still face episode show no 
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evidence of such a relation. Additionally, these children who are attaining higher quality and 
quantity sleep are also not significantly more negative or less positive in terms of their general 
temperament, which adds to the mixed literature on this association (Scher et al., 1998). Taken 
together, these post-hoc analyses indicate that the associations found do not reveal that poor 
sleep leads to more negativity in general. While there was a significant correlation between 
negative affect and self-regulation behaviors during the still face episode, such that children who 
were more negative displayed fewer self-regulation behaviors, this link appears to be 
unconnected to mean sleep quality or quantity, and warrants future examination.  
Also contrary to our hypotheses were the findings that greater variability and instability in 
number of night wakings were positively associated with self-regulation behaviors. This means 
that children who awoke inconsistently across each night (i.e., different number of times per 
night) over the weeklong period at 3 months exhibited more self-soothing behaviors during the 
still face episode at 6 months. This could be explained by unpacking the meaning of greater 
variability and instability in night wakings. In a study of infants and toddlers ages 0-36 months, 
those who experienced less consistency in their bedtime routines woke more frequently 
throughout the night (Sadeh et al., 2009). An additional study identified associations between 
household chaos and greater sleep fragmentation across the first year of life (Whitesell et al., 
2018). Therefore, it is possible that perhaps these children who are waking an inconsistent 
amount throughout the week are doing so because they are experiencing less consistent sleep-
related parenting. Upon waking throughout the night, they must rely on themselves to self-soothe 
and fall back asleep. Relatedly, when faced with the Still Face Paradigm, a stressful situation in 
which their parents do not provide them with support, they must utilize more self-regulation 
behaviors to handle their own distress.  
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Sleep and General Cognitive Ability 
 In our sample, greater mean sleep efficiency at 3 months was predictive of poorer 
cognitive ability at 6 months. Sleep efficiency is a measure of how much time spent in bed the 
infant is actually asleep, and less time spent awake while in bed is a marker of greater sleep 
efficiency. In other words, an infant who is put into their crib at 8:00pm and falls asleep at 
8:15pm would have a higher efficiency score than an infant who is put into their crib at 8:00pm 
and does not fall asleep until 9:30pm. While this finding is contrary to our hypotheses, it is not 
surprising given the mixed evidence from prior studies of infant sleep and cognition. Indeed, 
while some studies have found positive links between better quality sleep (characterized in part 
by greater sleep efficiency) and greater cognitive performance (e.g., Dearing et al., 2001; Geva et 
al., 2016), others have demonstrated that markers of higher quality neonatal sleep are not in fact 
beneficial to cognitive development (e.g., Freudigman & Thoman, 1993).  
Adding complexity to this relationship is the possibility of a mediating variable. Less 
parental involvement at bedtime is predictive of more consolidated sleep (Sadeh et al., 2010), 
meaning that children are sleeping in longer chunks during the nighttime period – a concept 
closely linked to sleep efficiency. However, while a lack of involvement at bedtime might be 
beneficial for their child’s sleep, a lack of involvement with their child more broadly could be 
detrimental to the child’s cognitive development. It is well-documented that more sensitive, 
responsive caregiving is predictive of better child cognitive outcomes (Bornstein, 2002), and thus 
parenting might play a role in this link between sleep efficiency and cognitive ability.   
Additionally, from an evolutionary or anthropological perspective there is reason to 
believe that night waking could be a beneficial activity (e.g., McKenna et al.; 1993; 2007). 
Researchers have pointed out that more arousals – and thus decreased efficiency – during the 
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nighttime period might be biologically beneficial for infants to learn proper breathing skills and 
prevent sudden infant death syndrome (SIDS). This is particularly critical for infants aged 2-4 
months, when they are most at risk of SIDS (McKenna et al., 1993; 2007). Furthermore, night 
waking allows for more physical contact with caregivers, additional opportunities for feeding, 
and the comfort in knowing that one is secure and safe. The biological and evolutionary benefits 
that accompany more frequent arousals during the night are possibly outweighed by the 
detrimental effects of inconsistent sleep patterns. Thus, there is reason to believe that greater 
mean sleep efficiency might not be representative of “good” sleep quality across the board, and 
that we should be looking more closely at resulting behaviors and experiences in order to 
understand associations with cognitive performance. 
Consistent with our hypotheses, both higher variability and higher instability in number 
of night wakings were predictive of poorer general cognition three months later. Again, an 
inconsistency in number of night wakings might be characteristic of homes with more chaos or  
less consistent sleep-related parenting – whether parent-driven (e.g., less sensitivity) or 
environmentally-driven (e.g., work schedules) (Whitesell et al., 2018). While no studies to date 
have explicitly examined the link between inconsistent sleep-related parenting and child 
cognition, household chaos has been found to be associated with poorer cognitive outcomes. 
Additionally, in a large-scale study of twins, household chaos measured from birth-3 years of age 
was negatively associated with both verbal and nonverbal cognitive abilities at age 4 (Pike et al., 
2006). Taken together, it is unsurprising that lower consistency in night wakings is associated 




Sleep and Attention 
 Greater variability and greater instability in daytime sleep (i.e. nap) duration were 
associated with poorer attention, as indicated by shorter median looking times during the puppet 
task. While this may simply be because children who do not nap consistently might suffer from 
daytime sleepiness which in turn affects attentional processes (e.g., Fallone et al., 2001), it may 
be more complicated than this alone. Given that both the number and duration of children’s naps 
are often determined by parents’ routines and schedules – planned or unplanned – it is possible 
that this relation is driven by parenting characteristics. As mentioned previously, it is well 
established in the literature that parenting plays a key role in early cognitive development, and 
specifically that more sensitive or structured parenting is linked to better outcomes for children 
(Bornstein, 2002; Lugo-Gil & Tamis-LaMonda, 2008). On the contrary, less sensitive and 
structured parenting are key characteristics of household chaos (Evans & Wachs, 2010), which 
some have suggested is detrimental to child cognitive development, particularly in combination 
with other factors that amplify parental stress (Bernier et al., 2010b; Martin et al., 2012). Our 
findings fit neatly within this framework, as the children who have inconsistent daytime sleep 
durations may have parents who are not as regimented in their daily routines and thus might be 
less sensitive to their children’s needs throughout the day. This absence of structure might 
manifest itself through a lack of actively promoting cognitive development in their children. But, 
future analyses of the links among variability and instability in daytime sleep, parenting, and 
household chaos would clarify this complex association.  
Contrary to our hypotheses, greater variability and instability in sleep efficiency (i.e. less 
consistency in the amount of time spent actually sleeping while in bed) were both associated 
with better attention. Attention is derived from looking times during the puppet task; children 
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with longer median looking times are purported to be less easily distracted during the task. These 
children might be more attentionally engaged with novel objects and thus spend a longer time 
looking at the puppet. Children who are more engaged with or interested in novelty may be more 
likely to experience difficulty falling asleep at night, as they might be interested in other stimuli 
in their bedroom – whether that be other people, a television, or stuffed animals. Again, while 
these findings are contrary to our hypotheses, they are in line with the mixed findings regarding 
the relation between sleep and cognition at such a young age (e.g., Freudigman & Thoman, 
1993).  
Variability and Instability Above and Beyond Mean Sleep 
Importantly, in all associations between sleep variability or instability and child 
outcomes, variability and instability predicted outcomes above and beyond the corresponding 
mean sleep variable. This indicates that, even when accounting for mean sleep, intra-individual 
change in one’s sleep over a week-long period is predictive of later behavioral and cognitive 
outcomes. This is consistent with extant studies that have looked at the effect of variability in 
sleep on child and adolescent outcomes, controlling for average sleep (e.g., Parade et al., 2019; 
Telzer et al., 2015). As previously mentioned, variability or instability in one’s sleep might be a 
proxy for general inconsistency or chaos in the home and sleep environment. Thus, while mean 
sleep might provide us with information about average sleep patterns, variability and instability 
allow us to see the effects of the larger sleep ecosystem, and how changes or fluctuations in the 
system impact development.  
Importantly, variability and instability in sleep behaviors were very similar in their 
associations with child outcomes. This suggests that the variability component of the instability 
(MSSD) calculation is perhaps more influential than the component assessing dependency on 
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prior nights. That is, in the current study, it seemed to matter more how varied a child was in 
their sleep behaviors more generally over the entire week, rather than if Wednesday night’s sleep 
was drastically different from Tuesday.  
Strengths and Limitations  
 Key strengths of this study include the sample used, the objective measurement of sleep, 
and the use of variables beyond traditional mean values. First, all participants in this study 
identified as African-American, which is a major strength given the lack of research on this 
group. While prior studies have provided evidence of racial disparities in early sleep, most have 
conducted between-group analyses between different racial groups, thereby ignoring the more 
nuanced within-group differences (Egan et al., 2017). Next, as prior literature has shown the 
downfalls of relying on parent-report measures of infant sleep (Camerota et al., 2018), the 
current study utilizes the objective measure of actigraphy. Lastly, as was the purpose of this 
study, we examined three different types of sleep variables – mean, variability, and instability. 
By using more than just the traditional mean values of sleep, we were able to more fully examine 
the nuances and complexities of early sleep.  
 While this study boasts important strengths, it does have its limitations. Although the use 
of an entirely African-American sample allows us to study important associations in an often 
understudied population, it potentially minimizes the generalizability of the results. Additionally, 
while actigraphy is an incredibly useful objective measure of infant sleep, it does not provide us 
with any information regarding the sleep environment or parent-child interactions that may occur 
during the sleep period. Videosomnography, or a video recording of the child’s sleep, might 
allow for more thorough examinations of the many influences on and outcomes of early sleep. 
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Future Directions and Conclusions 
 Despite the aforementioned limitations, our main finding that measures of sleep 
variability and instability are predictive of child outcomes, above and beyond mean sleep, is 
critical for the field of sleep research. While we do not argue with the importance of 
understanding how a child’s average sleep impacts their development, our findings emphasize 
the need to move beyond these traditional mean values. It is clear that variability and instability 
differentially predict child outcomes compared to mean sleep, and thus we will be able to more 
deeply understand the role of early sleep in development by incorporating more nuanced 
measures of sleep into future studies.  
 Our findings show that sleep variability and instability are extremely similar in their 
associations with child outcomes, indicating that the variability aspect of the MSSD equation is 
more important than dependency on prior nights. Thus, the current study provides support for the 
use of a simpler measure of intra-individual change. Future studies can confidently utilize a 
measure of sleep variability – variance, as it is more nuanced than the commonly used standard 
deviation – rather than calculate the more complex MSSD values for instability.  
 In addition to the use of sleep variables beyond mean values, future studies should seek to 
comprehensively examine any potential moderators or mediators in the links between sleep and 
child outcomes. Many of the directions of our findings were not in line with our hypotheses, and 
instead point to the possibility of other variables playing a role in these associations. As we have 
suggested, it is likely that parent-centered processes, as well as more broad environmental factors 
may influence the link between sleep and child outcomes. Specifically, future studies should 
seek to further understand how caregiving behaviors, such as involvement at bedtime and the 
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creation of a nap schedule, as well as household characteristics, such as chaos, play a role in 
these associations.  
 The current study provides a crucial and novel look at how intra-individual change in 
sleep differentially predicts later child outcomes compared to the traditionally used average 
sleep. The implication that our science can benefit from the use of variables beyond the 
traditional mean values should be emphasized, as there is much to learn from how one’s sleep 
changes from one night to the next. It is our hope that the findings presented here will aid 
researchers in unpacking the important, albeit complex, associations between early sleep and 
later child outcomes. 
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Table 1.1. Descriptive statistics for all study variables 
 
 N Mean (%) SD Min Max 
Mean Sleep      
Sleep Efficiency 80 84.85 5.46 68.79 93.55 
Number of Night Wakings 80 2.23 0.85 0.71 5.50 
Longest Sleep Period 80 293.18 82.68 119.21 527.29 
Daytime Sleep Duration 
(Naps) 
80 179.16 65.86 52.75 445.13 
Nighttime Sleep Duration 80 481.53 64.16 295.64 613.82 
Sleep Variability (Variance)      
Sleep Efficiency 80 68.99 50.53 4.98 227.42 
Number of Night Wakings 80 1.27 0.87 0.14 5.07 
Longest Sleep Period 80 9394.56 6835.95 832.34 38074.28 
Daytime Sleep Duration 
(Naps) 
80 11513.19 37879.54 81.73 343354.24 
Nighttime Sleep Duration 80 6806.41 7116.25 288.56 48242.52 
Sleep Instability (MSSD)      
Sleep Efficiency 80 140.28 110.84 7.10 458.92 
Number of Night Wakings 80 2.23 1.54 0.17 7.17 
Longest Sleep Period 80 16864.62 12842.91 1218.19 71691.46 
Daytime Sleep Duration 
(Naps) 
80 19751.59 42091.16 127.78 377354.78 
Nighttime Sleep Duration 80 12855.93 13315.86 326.02 88585.00 
Child Outcomes      
Self-Regulation 73 0.57 0.29 0.00 1.00 
General Cognitive Ability 
(Bayley scaled score) 
81 10.62 2.43 3.00 17.00 
Attention (Median looking 
time, seconds) 
70 7.88 5.43 1.11 29.06 
Maternal Education (years) 84 14.75 2.22 10.00 18.00 
Child sex (1 = Male) 89 52.81 -   
 
Note. Descriptive statistics are presented for variables in their original forms (i.e. non-




Table 1.2. Correlations between all sleep variables, covariates, and child outcomes 
 
 
 Self-Regulation General Cognitive 
Ability 
Attention 
Mean Sleep    
Sleep Efficiency -.13 -.25* -.13 
Number of Night Wakings .19 -.03 -.03 
Longest Sleep Period -.21† -.13 -.04 
Daytime Sleep Duration (Naps) -.11 -.13 -.18 
Nighttime Sleep Duration -.20 -.15 -.02 
Sleep Variability (Variance)    
Sleep Efficiency .05 .08 .30* 
Number of Night Wakings .35** -.19† -.07 
Longest Sleep Period -.02 -.05 -.09 
Daytime Sleep Duration (Naps) -.16 .05 -.36** 
Nighttime Sleep Duration .06 .11 -.05 
Sleep Instability (MSSD)    
Sleep Efficiency .05 .13 .25* 
Number of Night Wakings .24† .02 .02 
Longest Sleep Period -.06 -.03 -.10 
Daytime Sleep Duration (Naps) -.15 -.02 -.39** 
Nighttime Sleep Duration .05 .12 -.09 
Maternal Education (Years) -.18 .04 .29* 
Child Sex (1 = Male) .16 -.04 .01 
 




Table 1.3. Standardized model coefficients predicting child self-regulation 
 
Predictors Unadjusted Model Controlling for Mean Sleep 
Variable – Unadjusted 
Mean Sleep   
Nighttime Sleep Duration -.20* -- 
Longest Sleep Period -.21* -- 
Sleep Variability (variance)   
Number of Night Wakings .35* .33* 
Sleep Instability (MSSD)   
Number of Night Wakings .24* .22* 
 
Note. †p < .10, *p < .05, **p < .01, ***p < .001 
For models controlling for mean sleep, the corresponding mean sleep variable was included as a 
covariate (e.g., for variability in number of night wakings predicting self-regulation, mean 
number of night wakings was controlled for) to assess whether the variability or instability 








Table 1.4. Standardized model coefficients predicting child general cognitive ability 
 
Predictors Unadjusted Model Controlling for Mean Sleep 
Variable – Unadjusted 
Mean Sleep   
Sleep Efficiency -.25** -- 
Sleep Variability (variance)   
Number of Night Wakings -.19* -.19* 
 
Note. †p < .10, *p < .05, **p < .01, ***p < .001 
For models controlling for mean sleep, the corresponding mean sleep variable was included as a 
covariate (e.g., for variability in number of night wakings predicting cognitive ability, mean 
number of night wakings was controlled for) to assess whether the variability or instability 


















Sleep Variability (variance) 
Sleep Efficiency .30* .31* .29† .31* 
Maternal 
Education 
-- .35*** -- .35*** 
Daytime Sleep 
Duration (Naps) 
-.36† -.35† -.41* -.40* 
Maternal 
Education 
-- .30** -- .30** 
Sleep Instability (MSSD) 
Sleep Efficiency .25† .29* .23 .28* 
Maternal 
Education 
-- .37*** -- .37*** 
Daytime Sleep 
Duration (Naps) 
-.40* -.37* -.46** -.43* 
Maternal 
Education 
-- .29** -- .29** 
 
Note. †p < .10, *p < .05, **p < .01, ***p < .001 
For models controlling for mean sleep, the corresponding mean sleep variable was included as a 
covariate (e.g., for variability in sleep efficiency predicting attention, mean sleep efficiency was 
controlled for) to assess whether the variability or instability variable predicted the outcome 




APPENDIX A: CORRELATION TABLES FOR ALL SLEEP VARIABLES 
 
Table A1.1. Correlations between mean sleep and sleep variability (variance) 
 
  Mean 










1. Sleep Efficiency -.51*** .03 -.2† -.12 -.39*** 
2. # Night Wakings -.04 .22† -.07 .10 -.14 
3. Longest Sleep 
Period 
.38*** -.44*** .6*** -.13 .46*** 
4. Daytime Duration .05 -.03 -.06 .55*** -.15 
5. Nighttime 
Duration 
.08 -.03 .04 .12 .19 
 





Table A1.2. Correlations between mean sleep and sleep instability (MSSD) 
 
  Mean 









1. Sleep Efficiency -.47*** .00 -.16 -.12 -.36** 
2. # Night Wakings -.09 .22† -.12 .07 -.25* 
3. Longest Sleep 
Period 
.30** -.42*** .53*** -.16 .37*** 
4. Daytime Duration .09 -.04 -.05 .55*** -.12 
5. Nighttime 
Duration 
.02 -.05 .04 .14 .13 
 
Note. †p < .10, *p < .05, **p < .01, ***p < .001 
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Table A1.3. Correlations between sleep variability (variance) and sleep instability (MSSD) 
 
  Variability 









1. Sleep Efficiency .90*** .11 -.03 -.07 -.10 
2. # Night Wakings .12 .76*** .17 -.03 -.06 
3. Longest Sleep 
Period 
-.05 .08 .89*** .00 -.10 
4. Daytime 
Duration 
-.15 .01 .02 .94*** .24* 
5. Nighttime 
Duration 
-.03 -.12 -.01 .28* .89*** 
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Study Two: Parenting During the Day and at Bedtime: Links to Infant Sleep 
 
Introduction 
Early sleep is influenced by a number of biopsychosocial factors, but perhaps the most 
salient influence is that of the parent-child relationship. From birth, the parent-child relationship 
is a powerful and important one, as it has long-lasting implications for child development. In 
infancy, children rely on their parents for safety, nutrition, and assistance with behavioral and 
emotional regulation, among other things (Bornstein, 2002). Because of this heavy reliance on 
caregivers, parents have the ability to shape infants’ daily lives, including their early sleep 
patterns. However, extant research on parent-child relationships and child sleep is inconsistent, 
both in methods and findings (Tétreault et al., 2016). Parenting has been assessed during the 
daytime, bedtime, and nighttime, and more often through subjective self-report rather than 
objective measures. Child sleep has also been measured primarily through subjective maternal 
report, which is likely adding to the mixed findings.  
In considering the nature of the association between parenting and child sleep, a key 
question is the context of parenting that matters more for early sleep development. While 
daytime parenting is often the focus of studies looking at links with broader child development, 
parenting that occurs at bedtime might exert more influence over child sleep in particular (Teti et 
al., 2015). Additionally, daytime parenting is typically assessed through play tasks which, while 
effective in measuring a range of parenting characteristics, elicit the use of very different 
parenting behaviors than more stressful situations. The bedtime context, on the other hand, often 
represents a period of heightened stress for parents, particularly during infancy (Goldberg et al., 
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2013). Therefore, a measure of parenting quality during the bedtime context might provide us 
with a different view of parenting – one that may be more predictive of child sleep outcomes. 
However, no study to date has examined the stability between daytime parenting and bedtime 
parenting. An examination of the differences between daytime and bedtime parenting and a 
comparison of their associations with early sleep is thus warranted, and is the focus of the 
present study.  
Early Sleep 
Although sleep is critical for healthy development, many children are not consistently 
attaining the high-quality sleep that is necessary for optimal functioning. A large number of 
parents report that their infants have problems sleeping, and sleep difficulties are among the most 
common concerns expressed to pediatricians (Burnham et al., 2002; Sadeh et al., 2010). The 
organization of early sleep patterns involves two biopsychosocial processes – consolidation and 
regulation (Goodlin-Jones et al., 2001) – and issues in either of these processes can have long-
lasting effects. Indeed, early sleep problems can negatively impact later behavioral, cognitive, 
and emotional development (Sadeh, 2007). 
Sleep Consolidation  
Sleep consolidation refers to the developmental shift from sleeping in multiple bursts 
throughout the day and night to sleeping in fewer, longer intervals mainly in the nighttime 
(Goodlin-Jones et al., 2001; Henderson et al., 2011). The most prevalent milestone of 
consolidation is the ability to “sleep through the night”. Sleep gradually becomes consolidated 
into longer periods as children grow older, with the most rapid consolidation occurring in the 




Sleep regulation refers to a child’s ability to fall asleep and put himself/herself back to 
sleep without parental intervention (Goodlin-Jones et al., 2001). This regulatory capacity is seen 
in the increasing ability for infants to self-soothe after waking over time, which appears to be 
beneficial to their overall sleep development. Multiple studies demonstrate that infants who self-
soothe within the first year of life spend less time out of their cribs during the night and have 
longer continuous periods of sleep and total sleep duration than infants who do not self-soothe 
(Anders et al., 1992; Goodlin-Jones et al., 2001). 
Parenting and Child Sleep 
Sleep, particularly in infancy and early childhood, involves and is affected by the entire 
family. This is best represented in the transactional model, put forth by Sadeh and Anders 
(1993), which encompasses the many influences – both intrinsic and extrinsic – on infant sleep. 
In particular, the transactional model highlights the role of the parent-child interactive context, 
including characteristics of the relationship itself and caregiving behaviors surrounding sleep. 
Notably, parents can provide the sense of physical and emotional security that is vital for high 
quality sleep, and can shape child sleep years into the future (Dahl, 1996; Erath & Tu, 2011).  
Critically, due to the methodological and logistical difficulties associated with objectively 
studying bedtime parenting, many studies that examine the association between objective 
parenting and infant sleep measure parenting during the daytime only. However, this is often not 
explicitly stated, as many consider parenting as a single construct – that is, in the extant 
literature, the term parenting is often based on measurement that occurs solely during the day, 
thereby neglecting the many hours of parenting that occur in the evening and nighttime. Thus, 
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for the purpose of comparing daytime and bedtime parenting in their associations with child 
sleep, we will review these literatures separately.  
Daytime Parenting and Child Sleep  
Studies of daytime parenting and child sleep are primarily based on samples of toddlers 
or older children, and have largely reported nonsignificant findings. In one of the only studies 
that utilized objective measures of both parenting and sleep, more positive mother-child 
interactions at 18 months predicted longer sleep duration at 7 years of age (Cimon-Paquet et al., 
2019). While this study did not include infant sleep outcomes, it is still relevant in that it 
provides evidence of the long-lasting effects that early parenting can have on child sleep. 
Conversely, another study suggests that this relation might not exist prior to toddlerhood, as 
maternal sensitivity at 12 months was associated with a higher percentage of nighttime sleep at 
2-4 years, but was not evident at 12 and 18 months (Tétreault et al., 2016). Although it is 
difficult to know whether this is a meaningful finding, or whether the reliance on maternal report 
of child sleep was responsible for the lack of an association between parenting and sleep at 
younger ages, other studies revealed similar findings such that maternal behaviors and infant 
sleep (measured by 2 nights of actigraphy) were not associated concurrently at 12 months (Scher, 
2001). Importantly, these studies all utilized different methods for measuring parenting – a snack 
task (Cimon-Paquet et al., 2019), in-lab structured and unstructured free play tasks (Scher, 2001), 
and in-home interactions throughout an entire data collection visit (Tétreault et al., 2016). While 
these different tasks might have contributed to the inconsistent and often nonsignificant results 
between parenting and infant sleep, it may also be the case that we need to look more closely at 
bedtime parenting, which may be more closely related to sleep outcomes.  
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Bedtime Parenting and Child Sleep 
Only a handful of studies have looked at the association between bedtime parenting and 
child sleep. But, examinations of bedtime parenting are critical, as it has been suggested that 
parenting behaviors that occur closer in time to children’s sleep – that is, during the bedtime or 
nighttime period – might exert a stronger influence on sleep than daytime parenting (Teti et al., 
2015).  
Prior to falling asleep, parents engage in behaviors with their children that make up their 
bedtime routine, such as giving the child a bath, putting on pajamas, and reading a story (Staples 
et al., 2015). Adherence to a bedtime routine has been linked to greater nighttime sleep duration 
concurrently at 36 and 42 months, as well as an increase in sleep duration from 30 to 36 months 
(Staples et al., 2015). Additionally, a regular bedtime routine has been associated with fewer 
nighttime wakings and a greater longest sleep period in the first 3 years (Sadeh et al., 2009). 
However, researchers have also found that less parental involvement at bedtime is predictive of 
greater consolidated sleep for infants (Sadeh et al., 2010). It has been posited that increased 
contact with parents at bedtime leads infants to become reliant on parents for falling and staying 
asleep, which could result in difficulties returning to sleep after waking during the night 
(Philbrook & Teti, 2016), and may explain findings that link less parental involvement to 
improved sleep. 
While the majority of studies on daytime parenting have utilized measures of parenting 
quality, such as maternal sensitivity, most examinations of bedtime parenting have focused on 
specific behaviors, practices, and routines. These studies, such as those referenced above, have 
aimed to quantify parents’ involvement during bedtime, as opposed to the quality with which 
they engage in such behaviors. A key exception is the study of emotional availability, which has 
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been examined in a scant number of papers, and has only been considered in the bedtime context 
in recent years (for the first study of emotional availability during the bedtime context, see Teti 
et al., 2010). The emotional availability literature suggests that it might not be what parents are 
doing during bedtime that influences child sleep, but how they do it. Greater emotional 
availability, a measure of how attuned the parent is to the child’s needs and how sensitive the 
parent is in his/her responses – similar to daytime measures of maternal sensitivity – has been 
associated with higher quality infant sleep (Teti et al., 2010). Specifically, mothers who 
displayed greater levels of emotional availability reported less infant sleep difficulties, and their 
infants woke up less frequently throughout the nighttime (Teti et al., 2010). In a study that 
examined individual variability in maternal emotional availability, the authors found that when 
mothers exhibited greater than average emotional availability, their infants slept more and were 
less distressed throughout the nighttime (Philbrook & Teti, 2016). This link between emotional 
availability and child sleep is consistent with the idea put forth by Dahl and El-Sheikh (2007) 
that feelings of safety and security are vital for high-quality sleep, as parents who are higher in 
emotional availability provide their children with heightened emotional security, thus allowing 
for better sleep. 
Methodological Considerations 
Importantly, while the extant literature provides critical evidence of the links between 
parenting and infant sleep, much of this work has utilized subjective measures of parenting, 
sleep, or both. Parental report of child sleep often overestimates sleep duration while 
underestimating number of wakings (Camerota et al., 2018). Furthermore, parental report of 
sleep is likely related to parenting behaviors surrounding sleep, such that parents who are heavily 
involved in their child’s sleep might be better reporters, as these two constructs are likely 
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confounded (Cimon-Paquet et al., 2019; Scher & Asher, 2004; Simard et al., 2014). Therefore, 
objective measures of both parenting and child sleep would allow for a more comprehensive 
picture of the relationship. 
Current Study 
While it has been suggested that bedtime parenting might be more predictive of child 
sleep compared to daytime parenting, the extant literature lacks any empirical tests of this 
hypothesis. Furthermore, to our knowledge, no study has used objective measures of parenting in 
both the daytime and bedtime contexts coupled with objective measures of infant sleep to 
examine these associations. Thus, the current study aims to further our knowledge of the role of 
the caregiving relationship in shaping early sleep by examining the links between daytime and 
bedtime parenting, and sleep in the first year of life. 
In addition to advancing the literature in the above ways, this study will also add to the 
field through its use of data from a sample of African-American infants and their caregivers. 
While studies have found that Black children and adults are at higher risk of experiencing low-
quality sleep (e.g., Petrov & Lichstein, 2016), little is known regarding the early developmental 
origins of such disparities. Therefore, an understanding of the role of caregiving in the 
development of early sleep within this understudied group will provide us with a better 
understanding of this association, as well as provide us with promising avenues for intervention 
to prevent later sleep health issues. 
Hypotheses 
1) Higher levels of sensitive parenting and lower levels of harsh-intrusive parenting 
during the daytime will be associated with higher levels of emotional availability 
during bedtime when infants are 3 months of age. 
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2) Higher levels of sensitive parenting and lower levels of harsh-intrusive parenting 
during the daytime at 3 months will be associated with greater infant sleep 
consolidation at 6 months. Consistent with prior studies of daytime parenting and 
child sleep (e.g., Tétreault et al., 2016), mothers who display more sensitivity and less 
intrusiveness during the day might enforce more strict sleep schedules that encourage 
their infants’ sleep to become more consolidated during the nighttime period. 
3)  Higher levels of emotional availability during bedtime at 3 months will be associated 
with greater infant sleep regulation at 6 months. Mothers who are more emotionally 
available with their infants before bed will provide their infants with the feeling of 
security that is necessary to attain high-quality sleep, leading to the ability to self-
soothe over time without parental intervention if they wake during the night. 
Methods 
Participants 
Data come from the Neonatal and Pediatric Sleep (NAPS) study, a prospective and 
longitudinal study of 95 African-American mother-infant dyads. Women who resided within a 
50-mile radius of a large public university in North Carolina and had an infant younger than 3 
months were recruited via public birth records, social media, and flyers. Potential participants did 
not meet inclusion criteria if mothers were younger than 18 years of age, did not identify as 
African-American, did not speak fluent English, or if their infants experienced serious medical 
complications at birth (e.g., NICU stay > 7 days) or were part of a multiple birth. 
Of the total 95 infants included in our sample, seven (7.4%) were born prematurely (e.g., 
gestational age < 37 weeks) and had their visit dates delayed until they reached the appropriate 
adjusted age. The average adjustment for prematurity was 13 days (range = 1 - 30). The average 
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age of mothers in our sample was 29 years (range = 19 – 48). Almost all (99%) of mothers 
received a high school degree or higher, and 40% of mothers received a four-year college degree 
of higher. Fewer than half of the infants (35%) were firstborn. 
Procedures 
In-home data collection visits took place when infants were 3 and 6 months of age. 
During this daytime home visit, mother-infant dyads participated in various parent-child 
interaction tasks and caregivers completed questionnaires. Beginning on the evening of the home 
visit, families completed a 1-week sleep assessment, including 1 night of videosomnography, 7 
days and nights of actigraphy monitoring, and 7 days of mother-reported sleep diaries. A 
complete description of the weeklong sleep assessment has been published elsewhere (Camerota 
et al., 2018).  
For their participation, infants were provided with a small toy at the end of each home 
visit, and mothers received compensation of up to $130 in the form of a gift card. Participants 
provided written consent before data collection, and all procedures were approved by an 
institutional review board. 
Measures 
Daytime Parenting  
During the home visit at 3 months, parent-child interaction quality was measured during a 
10-minute free play episode (adapted from NICHD Study of Early Child Care Research 
Network, 1999). Research assistants provided mother-infant dyads with three standard toys and 
instructed mothers to play with their child as they normally would if they had 10 minutes of free 
time. Mothers were told that they could choose to play with the toys or not. The only stipulation 
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was that mothers were instructed to not provide their child with a pacifier at any point during the 
episode.  
Free play episodes were video recorded and later analyzed by trained coders. Coders 
were trained until reliability was met and maintained on each scale (ICC > .70), with continued 
reliability checks on a minimum of 20% of the videos; any discrepancies in ratings were resolved 
by conferencing. The following subscales were used to assess mothers’ behavior: 
Sensitivity/Supportive Presence, Intrusiveness, Detachment/Disengagement, Stimulation of 
Cognitive Development, Positive Regard, Negative Regard, Animation, and Dyadic Mutuality 
(Mills-Koonce, 2013; Cox & Crnic, 2002; see also NICHD Study of Early Child Care Research 
Network, 1999). Each subscale was rated on a 1-5 scale, where 1 = not at all characteristic and 5 
= highly characteristic.  
Consistent with prior research (e.g., FLP Key Investigators, 2013), these individual 
subscales were composited to form Sensitive Parenting (the mean of Sensitivity/Supportive 
Presence, Detachment (reverse scored), Stimulation, Positive Regard, and Animation; ICC = 
.82), and Harsh-Intrusive Parenting (the mean of Intrusiveness and Negative Regard; 3m ICC = 
.68). A high score on the Sensitive Parenting composite indicates the mother was warm, showed 
interest in the infant, and was involved and supportive during the interaction. A low score on 
Sensitive Parenting indicates the mother appeared uninterested, rarely responded appropriately to 
the infant’s cues, and made almost no attempts to teach or stimulate the infant. A high score on 
the Harsh-Intrusive Parenting composite indicates the mother was harsh or negative towards the 
infant and displayed an overall lack of respect for the infant. A low score on Harsh-Intrusive 
Parenting indicates the mother displayed no instances of negative regard toward the infant and 
was not intrusive during the interaction.  
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Bedtime Parenting  
As part of the weeklong sleep assessment, four video cameras were set up in participants’ 
homes during the initial data collection visits at 3 and 6 months to record one night of sleep. 
Parents were asked where their child slept and spent time throughout the nighttime period, and 
this informed camera placement. Parents were instructed to turn the cameras on at 6:30PM, and 
to turn them off once the child awoke the next morning. 
Maternal emotional availability (EA) was coded during the hour-long bedtime interval 
before the infant fell asleep. EA was measured using the Emotional Availability Scale (EAS; 
Biringen, Robinson, & Emde, 1998), which has been adapted for the nighttime context (Teti et 
al., 2010). The EAS consists of four scales: sensitivity, structuring, non-intrusiveness, and non-
hostility. A high score on the sensitivity subscale indicates mothers were emotionally in tune 
with their infants and responded to their infant’s cues in an appropriate and warm manner. High 
structuring was displayed when mothers engaged in soothing and quiet bedtime routines that 
helped to guide the infant toward sleep. A high score on non-intrusiveness indicates that mothers 
displayed respect for their infant by not initiating any new interactions with their sleepy infant, 
refraining from loud or intrusive talk with either the infant or other nearby family members, and 
not engaging in any rough manipulation of the infant’s body during bedtime. A high score on the 
non-hostility subscale was given when mothers displayed no instances of overt or covert 
irritability with the infant. 
These hour-long videos were coded by a trained research assistant who achieved 
reliability with a master coder (ICC > 80% on all scales) and subsequently coded all videos. 
Following previous studies (e.g., Philbrook et al., 2014; Teti et al., 2010), a composite EA score 
was created by converting the four subscales to z-scores and averaging them together. 
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Infant Sleep 
Actigraphy. Infant sleep was measured at 6 months via actigraphy throughout the 
daytime (7AM – 7PM) and nighttime period (7PM – 7AM) for the weeklong sleep assessment. 
At the beginning of the in-home data collection visit, a lightweight actogram (Actiwatch-2) was 
placed on the infant’s left ankle. Caregivers were told to keep the actogram on the infant for the 
entire week, except during baths lasting longer than 20 minutes. Infant activity was measured in 
15-s epochs, and data from the actogram were edited using Phillips Actiware software (version 
6.0). The activity threshold for scoring the infant as awake was set to the Low setting (20 activity 
counts), which is consistent with prior studies (e.g., So et al., 2005). A complete description of 
the actigraphy data collection has been published elsewhere (Camerota et al., 2018).  
Three variables from actigraphy were used in the current study: longest sleep period 
(LSP), nighttime sleep ratio (NSR), and duration of daytime naps (NAPD). LSP is a measure of 
the longest continuous period where the infant is coded as asleep, NSR is the ratio of nighttime 
sleep to total 24-hour sleep, and duration of daytime naps represents the total sleep time (in 
minutes) that occurred during the daytime period. LSP and NAPD were calculated for each of 
the 7 days and then averaged, while NSR was calculated over the entire weeklong period (e.g., 
weekly nighttime sleep divided by weekly total sleep).  
Videosomnography. From the one night of videosomnography described above, a 
number of infant and parent variables were coded. Beginning when the infant fell asleep to when 
they woke up the following morning, trained research assistants coded the presence or absence of 
a variety of behaviors in 30-second epochs. Infant state was coded as asleep, awake non-
distressed, or awake distressed. While asleep was the default, infant state was coded as awake 
non-distressed when the infant vocalized or displayed gross body movement for 15 seconds or 
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more, or if their eyes were wide open. An awake distressed code was used when the infant 
expressed distressed vocalizations (e.g., crying or screaming) at any point in the 30-second 
epoch. For the purposes of our analyses, awake non-distressed and awake distressed were 
combined into a single awake state.  
Parental interventions were coded whenever a parent interacted with or responded to an 
awake infant. Interventions included actions such as feeding (nursing or bottle), physical contact, 
verbal soothing, or changing a diaper. Five minutes (10 30-second epochs) needed to pass after 
the completion of one intervention in order to code a second intervention. Thus, if a parent 
interacted with their infant more than once, but these behaviors were not separated by a full five 
minutes, only 1 intervention was coded. Inter-rater reliability was established between two 
coders for all codes (κ > 0.80). 
Three variables from videosomnography were used in the current study – total wake 
proportion (TWP), parental interventions (PINT), and proportion of self-soothed wakings 
(SSWP). TWP is a proportion score that represents the number of intervals where the infant was 
coded as awake divided by the total intervals included in the nighttime period. PINT is a measure 
of the number of times a caregiver interacted with an awake infant. SSWP is a proportion score 
calculated as the number of night wakings that did not receive a parental intervention divided by 
the total number of night wakings.  
Composite scores – sleep consolidation and regulation. Consistent with prior literature 
(Camerota et al., 2020), composite scores of sleep consolidation and regulation were used. The 
sleep consolidation score consists of three variables from actigraphy – LSP, NSR, and NAPD. 
The sleep regulation score consists of three variable from videosomnography – TWP, PINT, and 
SSWP. To create the composite scores for infant sleep at 6 months, we first standardized all of 
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the variables (LSP, NSR, NAPD; SSWP, PINT, TWP). Then, we reverse scored NAPD, PINT, 
and TWP, so that higher values of all variables were indicative of better quality sleep. Lastly, we 
created the two composite scores by averaging the respective 3 indicators for consolidation and 
regulation.  
Covariates  
Covariates to be tested include maternal education, child sex, breastfeeding, and co-
sleeping status. Each of these have been previously found to be associated with child sleep (e.g., 
Ball, 2003; Mao et al., 2004; Martins et al., 2018; Richardson et al., 2010). Maternal education 
was measured in years, and child sex was measured as a binary variable, where 0 = male and 1 = 
female. Breastfeeding status at 3 and 6 months – at all, not just exclusively – was derived from 
video and self-report data, and was measured as 0 = not breastfeeding and 1 = breastfeeding. Co-
sleeping status at 6 months was measured as a binary variable, where 0 = did not co-sleep at all 
and 1 = co-slept at some point during the night. Here, co-sleeping refers to the act of sleeping in 
the same room as one’s parents (i.e. it includes both bed-sharing and room-sharing). 
Analysis Plan 
Descriptive analyses were performed using SAS version 9.4. First, we examined the 
distributions of all variables, and then conducted bivariate correlations among all study variables 
(Aims 1 and 2). Substantive analyses were performed in Mplus version 8.1, which handles 
missing data using full-information maximum likelihood (FIML). FIML is best used with data 
that is missing at random – which was the case for the current study. A series of ordinary least 
squares (OLS) regressions were conducted to examine associations between parenting during the 
day and at night and child sleep outcomes (Aim 2), and to compare the predictive value of the 
two contexts of parenting in their association with sleep consolidation and regulation (Aim 3). 
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For all substantive analyses, only covariates significantly correlated with the outcome variable 
were included. 
Aim 1: Are dimensions of daytime parenting (DP) and bedtime parenting (BP) related at 3 
months? 
Bivariate correlations were conducted to examine the relation between DP and BP at 3 
months. The correlation between DP and BP provides information regarding a direct relation 
between parenting during the day and night on the same date.  
Aim 2: Are daytime parenting (DP) and bedtime parenting (BP) at 3 months related to child 
sleep at 6 months?  
Bivariate correlations were conducted to examine the relations between DP and BP at 3 
months and child sleep at 6 months. We then further analyzed these associations through 
individual OLS regressions. First, we examined the relation between DP at 3 months and infant 
sleep consolidation and regulation at 6 months. The two child sleep composite scores – 
consolidation and regulation – at 6 months were regressed separately on the dimensions of DP. 
Then, we examined the association between BP at 3 months and infant sleep at 6 months. Again, 
the child sleep composite scores – consolidation and regulation – at 6 months were regressed on 
the emotional availability score from BP.  
Aim 3: Do daytime parenting (DP) and bedtime parenting (BP) differentially predict the two 
sleep composite variables – sleep consolidation and sleep regulation? 
 Standardized coefficients from the above OLS regressions were compared to assess the 
predictive value of the dimensions of DP and BP in their associations with child sleep 




Descriptive statistics for all study variables are presented in Table 2.1. Mothers in our 
sample had an average of 14.75 years of education (SD = 2.22), which approximately equates to 
a two-year college degree. The children in our sample were about 53% male. Approximately 
53% of children breastfed at 3 months, while only about 37% breastfed at 6 months. Co-sleeping 
was very common in our sample, 75% of children slept in the same room as their parent(s) for at 
least some portion of the nighttime period at 6 months. 
Correlations among all study variables are presented in Table 2.2. Sensitive daytime 
parenting was negatively correlated with harsh-intrusive daytime parenting (r = -.33, p < .01). 
Sensitive daytime parenting was positively correlated with maternal education (r = .35, p < .01) 
and breastfeeding status at both 3 (r = .47, p < .001) and 6 months (r = .33, p < .01). Maternal 
emotional availability at bedtime was negatively correlated with harsh-intrusive daytime 
parenting (r = -.32, p < .05), and positively correlated with sensitive daytime parenting, but this 
was only trending toward significance (r = .25, p < .10). For sleep outcomes, neither sleep 
consolidation nor sleep regulation were significantly correlated with any of the parenting 
measures. Sleep consolidation was trending toward significance in correlations with maternal 
education (r = .20, p < .10), breastfeeding status at 3 months (r = .23, p < .10), and co-sleeping 
status at 6 months (r = -.20, p < .10). Sleep regulation was significantly negatively correlated 
with both breastfeeding (r = -.26, p < .05) and co-sleeping status (r = -.27, p < .05) at 6 months. 





 While correlations between daytime and bedtime parenting and child sleep were non-
significant, we tested substantive models using full-information maximum likelihood (FIML) to 
take advantage of all available data. Models were tested both unadjusted as well as adjusted for 
covariates that were trending toward significance or significantly correlated with the child sleep 
outcome variables. Standardized coefficients for all models are presented in Tables 2.3 and 2.4.  
Daytime Parenting Predicting Child Sleep  
In unadjusted models predicting child sleep consolidation (Table 2.3), neither sensitive 
parenting ( = .13, p > .05) nor harsh-intrusive parenting (  = -.12, p > .05) was significantly 
associated with sleep consolidation. In the adjusted models, daytime sensitive parenting and 
harsh-intrusive parenting similarly did not predict child sleep consolidation, and neither did the 
covariates. In the unadjusted models predicting child sleep regulation (Table 2.4), again neither 
sensitive parenting ( = -.14, p > .05) nor harsh-intrusive parenting ( = .12, p > .05) were 
significantly associated with the outcome. In the adjusted models, the daytime parenting 
variables remained non-significant in their prediction of sleep regulation, but the covariates did 
predict the outcome. In the model predicting sleep regulation from sensitive parenting and the 
covariates, breastfeeding status was marginally associated with sleep regulation ( = -.21, p < 
.10), and co-sleeping status was significantly associated with the outcome ( = -.32, p < .01). 
Similarly, in the model predicting sleep regulation from harsh-intrusive parenting and the 
covariates, both breastfeeding ( = -.24, p < .05)  and co-sleeping ( = -.30, p < .01) status were 




Bedtime Parenting Predicting Child Sleep 
In the unadjusted model predicting child sleep consolidation (Table 2.3), bedtime 
parenting, as measured by maternal emotional availability, was not significantly associated with 
the outcome variable ( = .11, p > .05). Bedtime parenting was similarly not associated with 
child sleep consolidation in the adjusted model accounting for the three covariates. In the 
unadjusted model predicting sleep regulation (Table 2.4), again bedtime parenting was not 
associated with the outcome variable ( = -.05, p > .05). While bedtime parenting remained non-
predictive of sleep regulation in the adjusted model, breastfeeding status was significantly 
associated with sleep regulation ( = -.37, p < .001). 
Discussion 
 The current study investigated the association between parenting and child sleep, with a 
specific focus on the difference in this link between daytime and bedtime parenting. While we 
failed to find support for direct associations between broad dimensions of parenting quality and 
sleep, the results of this study provide us with important information regarding how parents more 
precisely shape their infants’ sleep.  
 In regard to our first hypothesis, we found that the parenting variables at 3 months were 
in fact correlated with one another. Within daytime parenting, mothers who were more sensitive 
in their interactions with their child were also rated as lower on the harsh-intrusive subscale, 
which is consistent with prior research on early parenting (e.g., Barnett et al., 2008). While there 
was only a marginally significant correlation between daytime sensitive parenting and bedtime 
emotional availability, lower scores on the harsh-intrusive subscale of daytime parenting were 
correlated with greater emotional availability at bedtime. This is in line with our first hypothesis, 
as mothers were consistent in their parenting from daytime to bedtime. Although the bedtime 
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context might be marked by more stress for parents (Goldberg et al., 2013), this finding suggests 
that the change in context does not significantly influence how sensitive or warm parents are 
toward their infants. While prior research has presented evidence of stability in parenting 
practices and quality over time (e.g., Else-Quest et al., 2011), our findings extend this knowledge 
by providing evidence of stability over different – and critically important – contexts.  
 Our second and third hypotheses were not supported by the data, as we failed to find 
evidence of a direct association between daytime and bedtime parenting and both constructs of 
infant sleep. While this lack of significant associations between parenting and infant sleep was 
not hypothesized, it is not unfounded given the many complexities of this link. For example, we 
chose to investigate the longitudinal relation between parenting at 3 months and infant sleep at 6 
months to understand how parenting during the critical early months influences sleep as it is 
becoming more stable in its patterning. Since parenting has been found to be stable over time 
(e.g., Else-Quest et al., 2011), we would not expect to see significant change in parenting 
practices in the short period from 3 to 6 months. However, it is still possible that these linkages 
are acutely time-bound and exist only concurrently, such that measuring both parenting and sleep 
at the same timepoint would yield significant associations, as has been demonstrated in prior 
research (e.g., Teti et al., 2010). Additionally, studies that have found these direct links have 
relied upon subjective measurement of parenting, sleep, or both constructs (e.g., Tétreault et al., 
2016). Thus, while these prior studies have provided evidence of associations between parenting 
and early sleep, their findings might be affected by the probable confounding of parent-reported 
parenting and parent-reported child sleep. Other factors may also play a role, such as unmeasured 
third variables – including other caregivers in the home, infant sleep location, or siblings in the 
bedroom. 
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 While the lack of significant, direct associations between parenting and infant sleep 
precludes us from making conclusions about the differential effects of daytime versus bedtime 
parenting, the current findings still allow for novel conclusions to be made. We had hypothesized 
that perhaps daytime parenting would be more predictive of sleep consolidation, while bedtime 
parenting would be more predictive of sleep regulation, yet our findings suggest that the different 
contexts of parenting similarly fail to predict either sleep construct. Importantly, our measures of 
parenting provided a broad evaluation of caregiving quality, rather than specific practices. 
Perhaps more specific practices, during both the daytime and at night, would be more strongly 
linked to child sleep outcomes. This possibility is supported by the significant associations found 
between our covariates and infant sleep. In the adjusted models predicting sleep regulation, both 
breastfeeding and co-sleeping status at 6 months were significantly associated with lower 
concurrent sleep regulation. This suggests that these specific behaviors, which involve close 
contact throughout the night with one’s mother, are predictive of a decreased ability to self-
regulate one’s own sleep.  
However, rather than an infant being unable to self-regulate, it is also probable that 
breastfeeding and co-sleeping allow for fewer opportunities for infants to regulate their own 
sleep. Infants who breastfeed often wake more frequently to feed throughout the night, since 
breastmilk is digested more quickly than formula (Martin et al., 2016), and the act of sharing a 
bed or room with a parent makes it much easier for a parent to respond when their infant wakes 
up. Additionally, co-sleeping might serve as a proxy for other factors, such as socioeconomic 
status. Parents might share a room or bed with their infants out of necessity and lack of resources 
rather than choice, and thus, poorer sleep regulation might be the result of other related 
characteristics, such as greater environmental noise. Regardless of the root cause for the 
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association between these behaviors and sleep regulation, their significant links above and 
beyond parenting quality must be noted. Our findings suggest that specific parenting behaviors, 
whether taken at face-value or as a proxy for other factors, influence infant sleep, and should be 
considered in examinations of the link between parenting and early sleep.  
In addition, it is possible that the association between parenting and early sleep is not in 
fact a direct one, but instead moderated by additional variables. Prior research has provided 
initial evidence of such moderation, with maternal emotional availability interacting with child 
temperament to predict child sleep. Specifically, only the sleep of children with a temperament 
characterized as high in positive affect and surgency was affected by their mother’s level of 
emotional availability at bedtime (Camerota, 2018). Another study found that maternal 
emotional availability at bedtime interacted with both parent-infant contact and arousing bedtime 
behaviors to predict infant sleep outcomes (Philbrook & Teti, 2016). These findings suggest that 
only certain groups of children might be impacted by parenting behaviors and quality, and future 
studies should strive to consider the full picture of parent-child interactions when examining 
these linkages.  
Furthermore, while the current study examined the association between parenting quality 
and two broad facets of infant sleep, this focus on consolidation and regulation may have 
contributed to the lack of significant effects. While there are common patterns of sleep 
development, such as the rapid increase in consolidated sleep in the first four months, there are 
also vast individual differences (Anders & Keener, 1985; Henderson et al., 2010; Parmelee et al., 
1964). Thus, perhaps focusing on consolidation and regulation hindered our ability to identify 
significant paths from parenting quality to infant sleep. Narrowing the focus to examine specific 
sleep behaviors, such as number of nighttime wakings, or parent-related sleep behaviors, such as 
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nighttime interventions, could instead provide more insight into the associations between 
parenting quality and infant sleep.  
Strengths and Limitations 
The current study is supported by a number of strengths. First, the sample for this study 
was comprised entirely of mothers who identified as African-American, which was a strength 
given the dearth of research on this group. Thus, the current study expanded upon prior literature 
by examining the key processes of parenting and child sleep in an understudied group. Next, this 
study utilized objective measurement of both parenting and child sleep. The majority of extant 
studies have relied on subjective measurement of parenting, sleep, or both (e.g., Tetreault et al., 
2016), which raises a few measurement issues. Parents are often not reliable reporters of their 
children’s sleep (Camerota et al., 2018), and sleep-related parenting and parents’ reports of 
children’s sleep are likely confounded (Cimon-Paquet et al., 2019; Scher & Asher, 2004; Simard 
et al., 2014). Thus, the current study’s use of objective measurement of these constructs allows 
for a more accurate, unbiased examination of the behaviors.  
Additionally, the use of a multimodal measure of infant sleep further enhances the 
reliability of our measurement. The use of two objective measures of infant sleep – actigraphy 
and videosomnography – to create the sleep consolidation and regulation constructs was a major 
strength of the current study. The previously validated constructs of sleep consolidation and 
regulation have been differentially linked to maternal and child variables (Camerota et al., 2020) 
and therefore warrant separate examination.  
Despite the above strengths, the current study does have its limitations. Our sample size 
was small and, as mentioned above, included solely African-American mother-infant dyads. 
While the current study provides a novel examination of the role of parenting in early sleep in an 
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understudied group, this also hinders the generalizability of our findings, as it is possible that our 
findings would not hold in a more representative sample. Another limitation of the current study 
is the measurement of parenting solely at 3 months due to data availability. While the timepoints 
used allow for a more developmental, longitudinal examination of parenting and early sleep, it is 
possible that the concurrent relation between parenting and sleep at 6 months might be of more 
importance. Lastly, the current study only examines parenting from mothers and fails to measure 
parenting quality and practices shown by fathers or other caregivers. Recently, research has 
underscored the importance of considering fathers in studies of the effects of parenting on child 
development (Cabrera et al., 2018) and future research should aim to include all members of the 
caregiving unit to comprehensively examine the influence of parenting on child sleep. 
Future Directions and Conclusions 
Future studies should aim to expand upon the current findings by including concurrent 
measures of parenting and infant sleep at 6 months to assess whether daytime and bedtime 
parenting are associated with infant sleep at the same point in time. Additionally, future research 
on these associations should also include potential moderating variables, including both maternal 
and child characteristics.  
While the findings of the current study did not align with our initial hypotheses, they do 
shed light on the complex processes at play during the first few months of life. The importance 
of parenting for child development – and more specifically, early sleep – cannot be overlooked, 
and must be further examined from a wider lens of external factors that might influence this 
association. The failure of the current study to replicate prior findings of the association between 
parenting and early sleep underscores the need for future research with more diverse samples to 
better understand how these processes might play out in a broader population.  
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Table 2.1. Descriptive statistics for all study variables 
 
 N Mean (%) SD Min Max 
Sensitive Parenting (Daytime) 73 3.32 0.79 1.40 4.80 
Harsh Intrusive Parenting (Daytime) 73 2.10 0.77 1.00 5.00 
Emotional Availability (Bedtime) 64 0.00 0.81 -1.93 1.37 
Sleep Consolidation 74 0.00 0.80 -2.27 2.25 
Sleep Regulation 76 0.00 0.79 -2.26 1.34 
Maternal Education (years) 84 14.75 2.22 10.00 18.00 
Child sex (1 = Male) 89 52.81 - - - 
Breastfed at 3 months 85 52.94 - - - 
Breastfed at 6 months 85 36.47 - - - 
Co-sleep at 6 months 76 75.00 - - - 
 
Note. For our categorical covariates (child sex, breastfeeding status, and co-sleeping status), we 
include the frequencies of occurrence in the sample. 
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Table 2.3. Daytime and bedtime parenting at 3 months predicting child sleep consolidation at 6 
months (standardized coefficients) 
 
 Unadjusted Adjusted (for significant 
covariates) 
Daytime – Sensitivity  .13 -.002 
Maternal Education - .07 
Breastfed at 3mo - .11 
Co-sleep at 6mo - -.17 
Daytime – Hostility  -.12 -.03 
Maternal Education - .06 
Breastfed at 3mo - .11 
Co-sleep at 6mo - -.18 
Bedtime – EA  .11 .01 
Maternal Education - .10 
Breastfed at 3mo - .13 
Co-sleep at 6mo - -.10 
 








Table 2.4. Daytime and bedtime parenting at 3 months predicting child sleep regulation at 6 
months (standardized coefficients) 
 
 Unadjusted Adjusted (for significant 
covariates) 
Daytime – Sensitivity  -.14 -.12 
Breastfeed at 6mo - -.21† 
Co-sleep at 6mo - -.32** 
Daytime – Hostility  .12 .09 
Breastfeed at 6mo - -.24* 
Co-sleep at 6mo - -.30** 
Bedtime – EA -.05 .06 
Breastfeed at 6mo - -.37*** 
Co-sleep at 6mo - -.18 
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Study Three: Maternal Anxiety and Nighttime Caregiving: Exploring the Moderating Role 
of Infant Emotional Reactivity 
 
Introduction 
Links between maternal psychopathology and poor child outcomes have been established 
(e.g., Glasheen et al., 2010), and a growing body of literature concerning the specific association 
between maternal symptomatology and child sleep yields similar findings (e.g., Teti & Crosby, 
2012). Dueling hypotheses for this association have been proposed – a child-driven model and a 
mother-driven model (Ystrom et al., 2017). However, longitudinal studies have largely found 
support for the mother-driven model, indicating that maternal mental health is influencing child 
sleep, and not vice versa (e.g., Teti & Crosby, 2012; Ystrom et al., 2017). Furthermore, some 
have suggested that this relationship is moderated by sleep-related parenting behaviors, such that 
mothers with psychopathology symptoms might be interacting with their children differently 
throughout the nighttime compared to mothers without any symptomatology (e.g., Cronin et al., 
2008). But, to our knowledge, a comprehensive examination of the association between maternal 
mental health and sleep-related parenting behaviors, including the potential moderating role of 
child characteristics, is missing from the literature.  
Maternal Anxiety 
Anxiety is prevalent worldwide, and women are about twice as likely to be diagnosed 
with some form of anxiety disorder than men (Bandelow & Michaelis, 2015). Since it is common 
for women of child-bearing age to experience anxiety symptomatology (Kessler et al., 2001), and 
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women also more often serve as the primary caregiver to children, it is critical to understand how 
anxiety might influence child outcomes.  
While much of the work on maternal psychopathology has focused on depression, the 
literature on maternal anxiety has revealed evidence of links with a number of child outcomes 
(Glasheen et al., 2010). In particular, maternal anxiety symptomatology has been associated with 
poor emotion regulation in children from infancy through early childhood. At 3 months of age, 
maternal anxiety predicted increased infant distress and difficulty with soothing (Coplan et al., 
2005). Similarly, in a study of 6-month-old infants, maternal anxiety was associated with 
concurrent reduced infant adaptability (Galler et al., 2004). Longitudinally, maternal anxiety at 8 
weeks postpartum has been linked with greater emotional problems for children at 4 years of age 
(O’Connor et al., 2002). Thus, it is clear that maternal anxiety has long-lasting effects on 
children, particularly on the development of emotion regulation skills.  
One pathway from maternal anxiety to child outcomes is through parenting behaviors. 
Extant literature suggests that mothers with anxiety might engage in different parenting 
behaviors compared to those not experiencing anxiety symptomatology. For example, more 
anxious mothers displayed reduced sensitive responsivity to their child during a play task, 
meaning they did not accurately identify the child’s signals or respond to them appropriately 
(Nicol-Harper et al., 2007). This is perhaps a behavioral manifestation of poor physiological 
synchrony, or the process by which a mother biologically responds to her child’s needs and vice 
versa. Indeed, one study found that mothers with and without anxiety symptoms displayed 
differential levels of physiological synchrony with their 12-month-old children. In a full day of 
typical interactions with their child, Smith et al. (2019) found that, while non-anxious moms only 
responded to peak arousal events, moms with anxiety symptoms responded to smaller 
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fluctuations in child arousal. That is, while the non-anxious moms were “there when you need 
me”, the anxious moms were “always on” (Smith et al., 2019). Importantly, the children 
benefitted from the former; those children whose parents only reacted to the peak arousal events 
showed quicker recovery times from displays of negative affect. Thus, the “there when you need 
me” approach – displayed predominantly by the non-anxious mothers – was more beneficial for 
child emotion regulation (Smith et al., 2019). Notably, in the two studies just described, the 
mothers with anxiety symptoms were less able to respond appropriately to their children’s cues, 
both behavioral and physiological. This lack of synchrony in parental response could thus have 
negative implications for a critical process that involves both physiological and behavioral 
regulation from a child – sleep.  
Parenting and Early Sleep 
Early sleep is influenced by a number of intrinsic and extrinsic factors, but the parent-
child relationship is perhaps the most salient influence. The transactional model of early sleep 
highlights the role of the parent-child interactive context, including characteristics of the 
relationship itself and caregiving behaviors surrounding sleep (Sadeh & Anders, 1993). Through 
their behaviors at bedtime and during the nighttime period, parents can provide the sense of 
physical and emotional security that is vital for high quality sleep in infancy and throughout 
childhood (Dahl, 1996; Erath & Tu, 2011).  
Early sleep can be organized into two biopsychosocial processes – sleep consolidation 
and sleep regulation. While sleep consolidation refers to the extent to which children sleep in 
few, long intervals mainly in the nighttime period, sleep regulation refers to a child’s ability to 
both fall asleep and put himself/herself back to sleep without parental intervention (Goodlin-
Jones et al., 2001). A key marker of sleep regulation is the ability for infants to self-soothe after 
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waking, which develops throughout infancy. Self-soothing is extremely beneficial to sleep 
development, as infants who self-soothe within the first year of life spend less time out of their 
cribs during the night and have longer continuous periods of sleep and total sleep duration than 
infants who do not self-soothe (Anders et al., 1992; Goodlin-Jones et al., 2001). Critically, by 
definition, the ability to self-soothe upon waking is dependent on a lack of intervention from 
parents. Thus, although parents might perceive their nighttime interventions as helpful or 
comforting to the child, they might in fact be hindering their child’s ability to develop the skills 
to regulate their own sleep. Evidence suggests that parents should be mindful of their children’s 
abilities to self-soothe, and only intervene when necessary in order to promote optimal sleep 
quality (Voltaire & Teti, 2018). This awareness, however, may be more difficult for mothers 
with anxiety symptoms because, as we highlighted previously, it may be more difficult for them 
to respond sensitively or appropriately to specific cues from their child because they are “always 
on”.  
In a longitudinal study of child sleep, mothers with higher levels of psychosocial 
adversity – a measure that encompasses both sociodemographic risk and psychopathology 
symptomatology – were more likely to engage in self-reported sleep-related behaviors that did 
not promote the child’s autonomy, such as being present at sleep onset and using more active 
strategies to soothe the child (Cronin et al., 2008). Furthermore, this study found that mothers 
with greater psychosocial adversity continued these intrusive sleep-related behaviors regardless 
of their children’s self-soothing abilities. Indeed, the high psychosocial adversity moms were less 
likely to change their sleep-related behaviors in response to the child’s development over the first 
3 months, as they continued to engage in behaviors that might not be needed or appropriate for 
their infants. The use of these inappropriate sleep-related behaviors at 3 months – displayed more 
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often by the mothers with higher psychosocial adversity – was predictive of infant sleep 
difficulties at 18 months (Cronin et al., 2008). Thus, in the end these mothers were not promoting 
the development of their children’s sleep regulation progress, which is of critical importance to 
overall sleep quality and development.  
Additional evidence points to the role of maternal sleep-related behaviors in the link 
between maternal psychopathology and child sleep. In their cross-sectional study of mothers and 
their infants from 1-24 months, Teti and Crosby (2012) found that mothers with more depressive 
symptoms showed greater individual variability in their nighttime interactions with their 
children, had increased difficulty setting limits at bedtime and during the night, and were more 
likely to intervene when it was unnecessary to do so. Recent research builds on this finding, 
suggesting that when mothers are dealing with their own issues, sensitive and responsive 
nighttime parenting might buffer children from the potential negative effects of anxiety by 
allowing them to attain high quality sleep (Dubois-Comtois et al., 2019). But, there is also 
evidence that child reactivity plays a key role in the association between maternal 
psychopathology and child sleep. In a study of maternal depressive symptoms and child 
respiratory sinus arrhythmia (RSA) at 6 months and child sleep at 18 months, RSA moderated 
the association between maternal depressive symptoms and sleep problems (Gueron-Sela et al., 
2017). Infants with higher baseline RSA – an indicator of heightened physiological reactivity – 
were more susceptible to the negative effects of maternal depression, leading to more sleep 
problems at 18 months. Taken together, it is clear that in order to fully understand the 
development of infant sleep quality, we must take into account the complex associations among 




While extant evidence points to the importance of sensitive maternal sleep-related 
caregiving behaviors for mollifying the potential negative effects of maternal psychopathology 
on child sleep, as well as the role of child emotional reactivity in the link between 
psychopathology and sleep, no study to our knowledge has examined the interaction between 
maternal psychopathology and child emotional reactivity in predicting maternal sleep-related 
behaviors. The current study thus examines the potential moderating role of objective child 
negative emotional reactivity in the association between maternal anxiety and nighttime 
interventions in infancy.  
Another important factor is the context in which infant negative emotional reactivity 
occurs. Due to the temporal salience of the bedtime period, it is likely that infant distress 
expressed immediately before sleep onset might play a larger role in predicting anxious mothers’ 
behaviors through the night. Conversely, child negative affect outside of the bedtime context, 
while perhaps more indicative of general emotion regulation abilities, may not be as influential 
on parenting through the night. These hypotheses will therefore be tested in the current study. 
In addition to advancing the literature in the aforementioned ways, this study will also 
add to the field through its use of data from a sample of African-American infants and their 
caregivers. While studies have found that Black children and adults are at higher risk of 
experiencing low-quality sleep (e.g., Petrov & Lichstein, 2016), little is known regarding the 
early developmental origins of such disparities. Therefore, an understanding of the associations 
among maternal and child characteristics and sleep-related caregiving within this understudied 
group will provide us with a better understanding of this association, as well as provide us with 
promising avenues for intervention to prevent later sleep health issues. 
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Hypotheses 
1. Greater maternal anxiety symptomatology will be associated with the use of more 
nighttime interventions through the night (total interventions and inappropriate 
interventions, when the infant did not actively signal the mother with a display of 
distress), independent of child negative emotional reactivity. 
2. Higher levels of child negative emotional reactivity at bedtime and during the day will be 
associated with more maternal nighttime interventions through the night (total and 
inappropriate), and this association will be stronger at bedtime than during the day. 
3. Child negative emotional reactivity will moderate the associations between maternal 
anxiety and nighttime interventions such that (a) low maternal anxiety and low negative 
emotional reactivity will lead to the fewest number of total/inappropriate nighttime 
interventions, (b) high maternal anxiety and high infant negative emotional reactivity will 
lead to the greatest number of total/inappropriate nighttime interventions, (c) high 
maternal anxiety and less negative emotional reactivity, as well as low maternal anxiety 
and high negative emotional reactivity, will lead to moderate levels of total/inappropriate 
nighttime interventions. 
4. We will explore whether the interaction between maternal anxiety and infant negative 




Data come from the Neonatal and Pediatric Sleep (NAPS) study, a prospective and 
longitudinal study of 95 African-American mother-infant dyads. Women who resided within a 
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50-mile radius of a large public university in North Carolina and had an infant younger than 3 
months were recruited via public birth records, social media, and flyers. Potential participants did 
not meet inclusion criteria if mothers were younger than 18 years of age, did not identify as 
African-American, did not speak fluent English, or if their infants experienced serious medical 
complications at birth (e.g., NICU stay > 7 days) or were part of a multiple birth. 
Of the total 95 infants included in our sample, seven (7.4%) were born prematurely (e.g., 
gestational age < 37 weeks) and had their visit dates delayed until they reached the appropriate 
adjusted age. The average adjustment for prematurity was 13 days (range = 1 - 30). The average 
age of mothers in our sample was 29 years (range = 19 – 48). Almost all (99%) of mothers 
received a high school degree or higher, and 40% of mothers received a four-year college degree 
of higher. Fewer than half of the infants (35%) were firstborn. 
Procedures 
In-home data collection visits took place when infants were 3 and 6 months of age. 
During this daytime home visit, mother-infant dyads participated in various parent-child 
interaction tasks and caregivers completed questionnaires. Beginning on the evening of the home 
visit, families completed a 1-week sleep assessment, including 1 night of videosomnography, 7 
days and nights of actigraphy monitoring, and 7 days of mother-reported sleep diaries. A 
complete description of the weeklong sleep assessment has been published elsewhere (Camerota 
et al., 2018). 
For their participation, infants were provided with a small toy at the end of each home visit, 
and mothers received compensation of up to $130 in the form of a gift card. Participants 
provided written consent before data collection, and all procedures were approved by an 




At the 3-month home visit, mothers completed the Brief Symptom Inventory-18 (BSI-18, 
Derogatis, 2000). The BSI-18 consists of 18 items assessing three subscales of psychological 
distress: anxiety, somatization, and depression. For each of the items, participants were asked to 
rate how much that particular problem had distressed or bothered them during the past 7 days, 
with answers ranging from 0 (not at all) to 4 (extremely). The current study uses a sum score of 
mothers’ responses on the anxiety subscale, which includes 6 items such as “Feeling tensed or 
keyed up” and “Feeling fearful”.  
Child Emotional Reactivity 
Daytime Negative Affect. During the 6-month home visit, mother-infant dyads 
participated in the Still Face Paradigm (SFP; Tronick et al., 1978). Infants were placed in a car 
seat on top of a table, and mothers were seated in a chair facing the infant. The SFP consists of 
three episodes – normal, still face, and reunion. During the 2-minute normal episode, mothers 
were instructed to interact with their infants as they normally would. They were then asked to 
turn away for 15 seconds. The 2-minute still face episode began when mothers turned back to 
face the infant, this time with a still – or expressionless – face. During these 2 minutes, mothers 
were instructed not to speak to or touch their infants. After this episode, mothers turned away 
again for 15 seconds, and then faced the infant for the 2-minute reunion episode. Here, mothers 
were instructed to again interact with their infant as they normally would. If the infant showed 
signs of great distress, the task was terminated early.  
For the current study, we used a measure of child negative affect during the reunion 
episode of the SFP, calculated as the proportion of time spent expressing negative emotions 
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during the 2-minute episode. Since the reunion episode is intended to be a period where mothers 
help their children regulate their emotions after the stress of the still face episode, it provides 
critical information regarding child negative emotional reactivity in the context of the mother-
infant relationship.  
Infant Distress at Bedtime. As part of the weeklong sleep assessment, four video 
cameras were set up in participants’ homes during the initial data collection visits at 3 and 6 
months to record one night of sleep. Parents were asked where their child slept and spent time 
throughout the nighttime period, and this informed camera placement. Parents were instructed to 
turn the cameras on at 6:30PM, and to turn them off once the child awoke the next morning. 
Bedtime was designated as the 1-hour period before the infant fell asleep. To examine infant 
negative emotional reactivity during bedtime – a potentially stressful context due to the 
separation from mother and the increased need to self-regulate – we used a measure of infant 
distress at 6 months. Infant distress was measured as present or absent in 30-second intervals 
throughout the hour-long bedtime period. A proportion score was calculated to represent the 
portion of this period in which the infant expressed distress (i.e. screaming, hard crying). One 
research assistant trained to achieve reliability with a master coder (ICC > 80% on all scales) and 
subsequently coded all videos from the current study. 
Maternal Nighttime Interventions at 6 Months 
From the one night of videosomnography described above (for a full description, see 
Camerota et al., 2018), a number of infant and parent variables were coded. Beginning when the 
infant fell asleep to when they woke up the following morning, trained research assistants coded 
the presence or absence of a variety of behaviors in 30-second epochs. Infant state was coded as 
asleep, awake non-distressed, or awake distressed. While asleep was the default, infant state was 
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coded as awake non-distressed when the infant vocalized or displayed gross body movement for 
15 seconds or more, or if their eyes were wide open. An awake distressed code was used when 
the infant expressed distressed vocalizations (e.g., crying or screaming) at any point in the 30-
second epoch.  
Maternal interventions were coded whenever the mother interacted with or responded to 
their infant. Interventions included actions such as feeding (nursing or bottle), physical contact, 
verbal soothing, or changing a diaper. Five minutes (10 30-second epochs) needed to pass after 
the completion of one intervention in order to code a second intervention. Thus, if a mother 
interacted with their infant more than once, but these behaviors were not separated by a full five 
minutes, only 1 intervention was coded. Inter-rater reliability was established between two 
coders for all codes (κ > 0.80). 
For the current study, we examined the total number of maternal interventions and the 
proportion of maternal interventions to asleep or non-distressed infants (calculated by dividing 
number of interventions to asleep/non-distressed infants by total number of interventions). This 
represents the amount of inappropriate maternal interventions, as the child did not actively signal 
the mother with signs of distress. 
Covariates 
Covariates to be tested include maternal education, child sex, breastfeeding, and co-
sleeping status. These covariates were chosen because they are each linked to caregiving 
behaviors, child sleep development, or the nighttime sleep environment (e.g., Ball, 2003; Mao et 
al., 2004; Martins et al., 2018; Richardson et al., 2010). Maternal education was measured in 
years, and child sex was measured as a binary variable, where 0 = male and 1 = female. 
Breastfeeding status at 3 and 6 months – at all, not just exclusively – was derived from video and 
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self-report data, and was measured as 0 = not breastfeeding and 1 = breastfeeding. Co-sleeping 
status at 6 months was measured as a binary variable, where 0 = did not co-sleep at all and 1 = 
co-slept at some point during the night. Here, co-sleeping refers to the act of sleeping in the same 
room as one’s parents (i.e. it includes both bed-sharing and room-sharing).  
Analysis Plan 
All descriptive analyses were performed using SAS version 9.4. First, we examined the 
distributions of all variables. Then, we conducted bivariate correlations among all study variables 
(Aims 1 and 2). Substantive analyses were performed in Mplus version 8.1. Missing data was 
handled using full-information maximum likelihood (FIML), which is best used with data that is 
missing at random – which was the case for the current study. A series of ordinary least squares 
(OLS) regressions were conducted to examine the direct effects of maternal and child 
characteristics on maternal nighttime behaviors (Aims 1 and 2). These regression models were 
extended to include an interaction term to test the hypothesized moderation (Aim 3). An 
exploratory analysis to understand how the primary moderation model is associated with child 
sleep was conducted through a moderated mediation model (Aim 4). For all substantive analyses, 
only covariates significantly correlated with the outcome variable were included. 
Aim 1: How is maternal anxiety at 3 months related to maternal nighttime interventions 
(inappropriate and total) at 6 months? 
 We first conducted bivariate correlations between maternal anxiety at 3 months and 
maternal nighttime interventions (total and proportion of inappropriate interventions) at 6 
months. Then, we centered the maternal anxiety variable and we ran two separate OLS 
regression models, where total nighttime interventions and inappropriate nighttime interventions 
were separately regressed on maternal anxiety.  
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Aim 2: How are two dimensions of child negative reactivity at 6 months related to maternal 
nighttime interventions at the same age?  
 To determine the association between child negative reactivity and maternal nighttime 
interventions, we first conducted bivariate correlations among child negative affect during the 
Still Face reunion, child distress at bedtime, and maternal nighttime interventions (total and 
proportion of inappropriate interventions). Then, we centered the negative reactivity variables 
and conduct four separate OLS regressions. In the first two models, total nighttime interventions 
and inappropriate nighttime interventions were regressed, separately, on child negative affect 
during the Still Face reunion. In the third and fourth models, total nighttime interventions and 
inappropriate nighttime interventions were regressed, separately, on child distress at bedtime. To 
determine whether the two dimensions of child emotional reactivity are differentially associated 
with maternal nighttime interventions, we then compared the standardized coefficients from the 
four OLS regression models. 
Aim 3: Do maternal anxiety at 3 months and child negative emotional reactivity at 6 months 
interact to predict maternal nighttime interventions at 6 months? 
 To examine the hypothesized moderating role of child emotional reactivity in the 
association between maternal anxiety and maternal nighttime interventions, we tested four 
separate moderation models. The first two models looked at the interaction between maternal 
anxiety and child negative affect during the Still Face. The last two models examined the 
interaction between maternal anxiety and child distress at bedtime. For each of these models, 
variables were added in three blocks. The first block included any covariates significantly 
correlated with the outcome variable. The second block included the main effects: maternal 
anxiety and child emotional reactivity (either negative affect or distress at bedtime). The third 
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block included the interaction term between maternal anxiety and the child emotional reactivity 
variable.  
Aim 4: Does the interaction between maternal anxiety and child emotional reactivity predict 
child sleep outcomes through maternal nighttime interventions? 
 To understand how the interaction model that is the focus of the current study might 
predict child sleep outcomes, exploratory moderated mediation models were tested (see Figure 1 
for the proposed model and Appendix A for a description of the sleep outcome variables). Eight 
total models were run; the first four used child negative affect during the Still Face reunion as the 
moderator and the other four used child distress at bedtime as the moderator. Separate models 
were run for total and inappropriate nighttime interventions as the mediator, and for the two 
sleep outcomes: sleep consolidation and sleep regulation. Due to the small sample size and 
complex model to be tested, covariates were not included. These results provide us with a 
preliminary understanding of this complex association and are a first step towards deciding on 
avenues for future directions. 
Results 
Descriptive Statistics 
Descriptive statistics for all study variables are presented in Table 3.1. Our sample was 
comprised of approximately 53% male children. Their mothers had an average of 14.75 years of 
education (SD = 2.22), which equates to about a two-year college degree. At 3 months, 
approximately 53% of the children breastfed, while only about 37% of them breastfed at 6 
months. At 6 months, co-sleeping was very common in our sample, as 75% of children slept in 
the same room as their parent(s) for at least some portion of the nighttime period. 
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Correlations among all study variables are presented in Table 3.2. Maternal anxiety 
symptomatology was not significantly correlated with either of the child emotional reactivity 
variables, nor was it significantly correlated with total or inappropriate nighttime interventions. 
Child daytime negative affect, measured during the Still Face paradigm, was significantly, 
negatively correlated with total interventions (r = .27, p < .05). Child distress during the bedtime 
period was not correlated with either total or inappropriate nighttime interventions. The act of 
co-sleeping at 6 months was correlated with less child daytime negative affect (r = -.28, p < .05), 
and positively correlated with greater total nighttime interventions (r = .25, p < .05).  
Substantive Models 
 We tested substantive models using full-information maximum likelihood (FIML) to take 
advantage of all available data. Models were tested both unadjusted as well as adjusted for 
covariates that were significantly correlated with the nighttime intervention outcome variables.  
Direct Effect Models 
Standardized coefficients for the direct effects of maternal anxiety symptomatology and 
child emotional reactivity variables in predicting nighttime interventions are presented in Table 
3.3. Maternal anxiety symptomatology was not significantly associated with total nighttime 
interventions ( = .16, p > .05) or the proportion of inappropriate interventions ( = .07, p > .05). 
Child daytime negative affect was significantly associated with total nighttime interventions ( = 
-.27, p < .05), such that greater negative affect was linked to fewer nighttime interventions. In the 
adjusted model, this association was only trending toward significance ( = -.20, p < .10). Child 
bedtime distress was not associated with either total nighttime interventions  ( = -.14, p > .05) 
or inappropriate interventions ( = -.06, p > .05). In all adjusted models predicting total 
nighttime interventions, co-sleeping status was a significant predictor (s = .24-.28, ps < .05).  
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Interaction Models  
Interaction models were tested in a series of blocks – the first block contained all 
covariates, the second block contained any significant covariates plus the main effects, and the 
third block added in the interaction term. Standardized coefficients for the interactions between 
maternal anxiety symptomatology and child daytime negative affect are presented in Table 3.4. 
In all three blocks, only co-sleeping status was a significant predictor of total nighttime 
interventions. There were no significant predictors of inappropriate interventions. There was no 
evidence of an interaction between maternal anxiety symptomatology and child daytime negative 
affect in predicting either total or inappropriate nighttime interventions. Standardized 
coefficients for the interactions between maternal anxiety symptomatology and child bedtime 
distress are presented in Table 3.5. Similar to above, in models predicting total nighttime 
interventions, only co-sleeping status was a significant predictor. There were no significant 
covariates or main effects for inappropriate interventions, and no evidence of significant 
interactions was found for either total or inappropriate interventions.   
Exploratory Moderated Mediation  
A final aim of the current study was to explore whether the interactions tested would 
have implications for child sleep, beyond the interventions displayed by mothers (see Figure 
3.1). We tested eight separate models, none of which showed significant moderated mediation, 
which was expected given the non-significant interaction models described above. Additionally, 
there was no evidence of a mediated pathway from maternal anxiety symptomatology to child 
sleep (consolidation or regulation) via nighttime interventions (total or inappropriate) (i.e. all 




 While the aim of the current study was to examine the longitudinal relations among 
maternal anxiety symptomatology, child emotional reactivity, and nighttime interventions, we 
conducted sensitivity analyses using a concurrent measure of maternal anxiety symptomatology. 
Maternal anxiety symptomatology was highly correlated at 3 and 6 months (r = .54, p < .001), 
which is unsurprising given the small window of time between the two timepoints. Results of the 
substantive models remained the same, with maternal anxiety symptomatology at 6 months not 
significantly predictive of total ( = .06, p > .05) or inappropriate ( = .03, p > .05) interventions. 
Additionally, there were still no significant interactions between maternal anxiety 
symptomatology and child emotional reactivity in the prediction of total ( = -.36 - -.06, ps > 
.05) or inappropriate ( = .18 - .19, ps > .05) interventions. 
Discussion 
 The current study examined the association between maternal anxiety symptomatology 
and nighttime interventions, and the potential moderating role of child emotional reactivity in 
this link. Despite lack of support for our initial hypotheses, the results of this study provide novel 
information regarding the role of maternal and child characteristics in the shaping of caregiving 
behaviors during the nighttime period. Given the importance of early sleep for child 
development, the current study adds to what is known about this critical process.  
Concerning our first hypothesis, we did not find evidence of a link between maternal 
anxiety symptomatology and nighttime interventions. As we consider the findings in turn, it is 
important to keep in mind the potential important influence of the anxiety assessment used in this 
study. First, our measure of anxiety symptomatology is not equivalent to a clinical diagnosis of 
an anxiety disorder and therefore may not capture extreme measures of anxiety but instead more 
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normative feelings that many new parents experience. In addition, our scale assessed mothers’ 
experiences of broader, more general feelings of anxiety or stress – such as feeling nervous or 
scared for no reason. Thus, we must ground our findings within this idea that, although we used a 
validated measure to examine symptoms of anxiety, these symptoms were not specific to the 
parenting or child sleep context.  
Greater anxiety symptomatology was not related to increases in either total or 
inappropriate interventions throughout the night. That is, mothers with greater anxiety symptoms 
were not “always on”, as we had expected. While inconsistent with our hypothesis and prior 
studies of maternal psychopathology and nighttime caregiving (e.g., Teti & Crosby, 2012), this 
finding could be good news for families. An important milestone for children is learning how to 
regulate their own sleep, which includes falling back asleep on their own after waking during the 
night (Goodlin-Jones et al., 2001). More interventions from a parent, and particularly 
inappropriate interventions, would prevent this critical skill (Voltaire & Teti, 2018). Importantly, 
our sensitivity analyses revealed that this lack of an association between maternal anxiety 
symptomatology and nighttime interventions was present both longitudinally and concurrently at 
6 months. This suggests that even on a current day-to-day basis, mothers with greater anxiety 
symptoms (as defined by our current measure) are not intervening more with their infants at 
night compared to those with fewer anxiety symptoms.  
 The second aim of our study was to understand how child emotional reactivity impacts 
maternal nighttime interventions. We hypothesized that emotional reactivity during the day and 
at bedtime would be predictive of greater interventions, and that this association would be 
stronger for reactivity at bedtime. Surprisingly, there was only an association between daytime 
emotional reactivity and nighttime interventions, and no association with bedtime distress. 
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Further, this association was in the opposite direction than we had hypothesized. More daytime 
negative affect was associated with fewer total interventions throughout the nighttime period. In 
general, children who display greater negative affect during the reunion episode of the SFP do 
not seem to be comforted by their mothers, which researchers have suggested may be indicative 
of issues in the parent-child co-regulation process (Conradt & Ablow, 2010; Mesman et al., 
2009; Rosenblum et al., 2002). It is possible that these issues in co-regulation might precede 
fewer nighttime interventions, or it could be the result of them. That is, parents might be less 
likely to go to their infants at night if they lack self-efficacy and do not think their actions are 
helpful in soothing them. Alternatively, if children are not finding support in regulating negative 
emotions during the night, a time that is stressful and when infants are learning how to sooth 
themselves or to rely on caregivers for that support, they may be less easily soothed by parents 
during the day.  
 Additionally, we must consider whether these issues are parent- or child-driven. If parent-
driven, these parents might be less sensitive to their child’s needs, and not recognize when they 
should provide support in helping to regulate negative emotions. This may lead to more negative 
emotions during the day, and less interventions at night, creating a cycle. Alternatively, in a 
child-driven model, a consistently distressed infant who does not respond to the efforts of 
caregivers may evoke less sensitive or responsive parenting as parents believe their actions to be 
of little use in soothing their child if the child is not responding to their help. Future research 
should investigate the direction of effect, as this would also help to elucidate how child 
negativity is associated with nighttime interventions. 
 Perhaps most interesting about these findings was that there was no link, let alone a 
stronger link, between a child’s level of distress at bedtime and the interventions their parent 
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employed throughout the night. To unpack this, it is important to further dissect the measure of 
child distress at bedtime. Children who were characterized as higher in distress were those who 
displayed more instances of crying, screaming, or other markers of discomfort and upset. While 
these behaviors are clearly indicative of some level of distress, they might also be indicative of a 
simpler phenomenon – overtiredness. Children are often overtired if bedtime is pushed back too 
far, or if they did not get enough sleep during the day or the night before, and key markers of this 
are nearly identical to those of emotional distress (Jenni, 2004). Future research should try to 
distinguish between a child who is mounting a stress response, perhaps through measurement of 
psychophysiological functioning, and one who is simply tired or looking for normative comfort 
(i.e., breastfeeding). 
 Furthermore, it would be useful to consider bedtime distress within a developmental 
perspective. While parents often try to comfort infants so that they do not remain in a state of 
high emotional distress, it is also age-appropriate, especially for infants as young as 6 months, to 
cry at bedtime due to being overtired, hungry, or anticipating the separation from caregiver. 
Expressing distress at bedtime might therefore not be an indicator of maladaptive emotional 
reactivity, but instead a normative manifestation of one’s emotions (and perhaps, in some cases, 
may be adaptive at keeping caregiver close, obtaining food, and an overall sense of security). 
Therefore, it is possible that our measurement of bedtime distress may not quantify exactly what 
we conceptualized, and that this contributed to the lack of an association. 
While there was no direct effect of maternal anxiety symptomatology, we probed whether 
there was perhaps an interaction effect, such that child emotional reactivity moderated this 
association. However, no significant interactions were identified between maternal anxiety 
symptomatology and either child emotional reactivity variables in predicting either total or 
 99 
inappropriate nighttime interventions. Additionally, the previously mentioned significant direct 
effect of daytime negative affect no longer held in the full interaction model. Thus, neither total 
nor inappropriate nighttime interventions were predicted by a combination of maternal and child 
characteristics. In all of the interaction models predicting total nighttime interventions, co-
sleeping status remained a significant predictor. This is unsurprising, given that sharing a room 
or bed with a child would provide parents with increased access to their child throughout the 
night.  
Our final aim was to explore whether the proposed interaction between maternal anxiety 
symptomatology and child emotional reactivity would predict infant sleep outcomes through 
nighttime interventions. While the aforementioned interaction models were non-significant, we 
tested the set of exploratory moderated mediation models to be thorough. Results revealed a lack 
of both moderated mediation and mediation more broadly – that is, nighttime interventions did 
not mediate the pathway from maternal anxiety symptomatology to child sleep regulation or 
consolidation. Again, while these results were expected given the previous analyses and the 
small sample size, they shed a light on the role of maternal psychopathology in infant sleep 
processes. As prior studies have found evidence of links between a different form of maternal 
psychopathology – depression – and child sleep (e.g., Geuron-Sela et al., 2017; Teti & Crosby, 
2012), these findings raise the question of why some forms of psychopathology have effects on 
child sleep and others do not. Perhaps greater anxiety symptomatology (within a normative 
range, such as we have here) is indicative of more purposeful decision-making or an emphasis on 
routine, both of which might in fact be beneficial for the development of infant sleep patterns. 
Again, if our measure of anxiety had focused on child sleep or parenting specifically, we may 
have seen different results. 
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Strengths and Limitations 
 The current study is supported by a number of strengths. Most notably, the current study 
utilizes objective measurement of both child emotional reactivity and nighttime interventions. 
During both the daytime and bedtime period, child emotional reactivity was objectively rated by 
an unbiased research assistant. Throughout the night, maternal nighttime interventions were 
similarly coded by our team. These objective measures are particularly critical given that 
maternal psychopathology might influence parents’ own ratings of their children’s emotional 
reactivity, as well as how frequently they interact with their children during the night. By using 
objective measurement, we were able to avoid the potential confounding of variables that as 
afflicted prior studies.  
 Additionally, the current study used a sample of mothers and infants who identified as 
African-American. Given the prior studies that have shown evidence of racial disparities in sleep 
as early as in the first 6 months of life (Ash et al., 2019), further examination of sleep behaviors 
in this understudied group is vital. Thus, the sample for this study was a strength, as it allowed 
for a more nuanced understanding of early sleep processes in a population that has been 
overlooked in the extant literature.  
 While the current study is bolstered by its use of objective measurement and its sample 
composition, it also has a number of limitations. First, the results are not generalizable to a 
broader population since, as mentioned above, the sample was comprised of entirely African-
American women and their infants. While this is indeed also a strength of the study, as most 
prior studies have examined primarily White families, it does prevent generalizability. Next, the 
sample size was relatively small, particularly for the more complex interaction and exploratory 
analyses, and future studies could benefit from more participant data. Additionally, this sample 
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was not a clinical one; that is, participants were not recruited based on the presence of a 
diagnosed anxiety disorder, and this could have impacted our findings, as few had clinical levels 
of anxiety symptoms. Lastly, it is possible that the measures of child emotional reactivity were 
capturing other processes and constructs. Negative affect during the reunion episode of the Still 
Face Paradigm might actually be a more accurate measure of parent-child attachment. If a child 
is extremely upset and high in negative affect upon being “reunited” with the parent, it is 
possible that this would suggest that the child does not find comfort in the parent, or has come to 
realize that the parent cannot provide them with a feeling of security (Cassidy, 1994; Conradt & 
Ablow, 2010). And, as mentioned previously, the measure of distress at bedtime might 
simultaneously be picking up on cues of overtiredness or hunger on the part of the infant.  
Future Directions and Conclusions 
 Future studies should aim to expand upon the current findings to continue to unpack the 
complex associations among maternal psychopathology, child emotional reactivity, and sleep-
related caregiving. Specifically, future studies should utilize larger sample sizes, more diverse 
samples, and more specific measurement. By examining these associations in a more 
representative and larger sample, researchers should be able to more comprehensively pinpoint 
the various factors at play that influence how parents interact with their children throughout the 
critical nighttime period. A larger sample should also allow for a wider range of anxiety 
symptomatology in mothers, thereby increasing the ability to study the effects of maternal 
anxiety. More specific measurement, particularly of child emotional reactivity, would also allow 
for a more fine-tuned examination of the interaction between maternal and child characteristics 
in the prediction of sleep-related behaviors. This could include physiological measures of 
reactivity and stress, such as respiratory sinus arrhythmia (RSA) derived from heart rate data. 
 102 
 Although the current study did not produce results consistent with the original 
hypotheses, it did provide us with novel information regarding the intricate associations among 
maternal anxiety symptomatology, child emotional reactivity, and parenting practices during the 
nighttime period. Researchers can take the information gleaned here and apply it to future studies 
to better understand how the critical process of early sleep development might be driven by the 




Table 3.1. Descriptive statistics for all study variables 
 
 N Mean (%) SD Min Max 
Maternal Anxiety (3mo) 88 1.94 4.38 0.00 24.00 
Child Daytime Negative Affect 
(6mo) 
66 0.46 0.40 0.00 1.00 
Child Bedtime Distress (6mo) 68 0.05 0.09 0.00 0.52 
Total Interventions 76 4.70 4.09 0.00 23.00 
Proportion Inappropriate 
Interventions 
71 0.80 0.23 0.00 1.00 
Maternal Education (years) 84 14.75 2.22 10.00 18.00 
Child sex (1 = Male) 89 52.81 - - - 
Breastfed at 3 months 85 52.94 - - - 
Breastfed at 6 months 85 36.47 - - - 
Co-sleep at 6 months 76 75.00 - - - 
 
Note. For our categorical covariates (child sex, breastfeeding status, and co-sleeping status), we 
include the frequencies of occurrence in the sample. 
 
 






































 -.16 -.27* -.15 -.05 -.28* -.16 -.15 -.28* 
Child Bedtime 
Distress (6mo) 
  -.02 -.14 -.04 .13 -.11 .02 .11 
Total 
Interventions 








     .01 .54*** .41*** -.18 
Child sex (1 = 
Male) 
      -.19 .01 .12 
Breastfed at 3 
months 
       .75*** -.17 
Breastfed at 6 
months 
        .03 
 






Table 3.3. Maternal anxiety symptomatology and child emotional reactivity predicting nighttime 
interventions (standardized coefficients) 
 
 Total Nighttime Interventions Proportion Inappropriate 
Interventions 
 Unadjusted Adjusted (for 
significant 
covariates) 
Unadjusted Adjusted (for 
significant 
covariates) 
Maternal Anxiety (3mo)  .16 .12 .07 - 
Co-sleep at 6mo - .24* - - 
Child Daytime Negative 
Affect (6mo) 
-.27* -.20† -.15 - 
Co-sleep at 6mo - .25* - - 
Child Bedtime Distress 
(6mo) 
-.02 -.06 -.14 - 
Co-sleep at 6mo - .28** - - 
 
Note. †p < .10, *p < .05, **p < .01, ***p < .001. Co-sleeping status was the only significant 
covariate for predicting total interventions. There were no significant covariates that predicted 

























Table 3.4. Interaction between maternal anxiety symptomatology and child daytime negative 
affect predicting nighttime interventions (standardized coefficients) 
 
 Block 1 – Covariates Block 2 – Trimmed 
Covariates + Main Effects 
Block 3 – Adding 
Interaction Term 
 Total Inappropriate Total Inappropriate Total Inappropriate 
Maternal 
Education 
-.09 .19 - - - - 
Child sex .07 .02 - - - - 
Breastfed 
(3mo) 
.03 .003 - - - - 
Breastfed 
(6mo) 
.17 .01 - - - - 
Co-Sleep .29** .01 .25* - .30** - 
Maternal 
Anxiety 





- - -.17 -.17 -.07 .04 
Maternal 





- - - - -.17 .09 
Model R2 .12 .04 .11 .04 .11 .02 
Note. †p < .10, *p < .05, **p < .01, ***p < .001.  
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Table 3.5. Interaction between maternal anxiety symptomatology and child bedtime distress 
predicting nighttime interventions (standardized coefficients) 
 
 Block 1 – Covariates Block 2 – Trimmed 
Covariates + Main Effects 
Block 3 – Adding 
Interaction Term 
 Total Inappropriate Total Inappropriate Total Inappropriate 
Maternal 
Education 
-.09 .19 - - - - 
Child sex .07 .02 - - - - 
Breastfed 
(3mo) 
.03 .003 - - - - 
Breastfed 
(6mo) 
.17 .01 - - - - 
Co-Sleep .29** .01 .26*  .26*  
Maternal 
Anxiety 




- - -.10 -.13 -.07 -.10 
Maternal 




- - - - .05 .06 
Model R2 .12 .04 .10 .02 .10 .03 
 

















APPENDIX A: SLEEP OUTCOME MEASURE 
Infant Sleep Outcome Measure 
Actigraphy  
Infant sleep was measured at 6 months via actigraphy throughout the daytime (7AM – 
7PM) and nighttime period (7PM – 7AM) for the weeklong sleep assessment. At the beginning 
of the in-home data collection visit, a lightweight actogram (Actiwatch-2) was placed on the 
infant’s left ankle. Caregivers were told to keep the actogram on the infant for the entire week, 
except during baths lasting longer than 20 minutes. Infant activity was measured in 15-s epochs, 
and data from the actogram were edited using Phillips Actiware software (version 6.0). The 
activity threshold for scoring the infant as awake was set to the Low setting (20 activity counts), 
which is consistent with prior studies (e.g., So et al., 2005). A complete description of the 
actigraphy data collection has been published elsewhere (Camerota et al., 2018).  
Three variables from actigraphy were used in the current study: longest sleep period 
(LSP), nighttime sleep ratio (NSR), and duration of daytime naps (NAPD). LSP is a measure of 
the longest continuous period where the infant is coded as asleep, NSR is the ratio of nighttime 
sleep to total 24-hour sleep, and duration of daytime naps represents the total sleep time (in 
minutes) that occurred during the daytime period. LSP and NAPD were calculated for each of 
the 7 days and then averaged, while NSR was calculated over the entire weeklong period (e.g., 
weekly daytime sleep divided by weekly total sleep).  
Videosomnography  
From the one night of videosomnography described above, a number of infant and parent 
variables were coded. Beginning when the infant fell asleep to when they woke up the following 
morning, trained research assistants coded the presence or absence of a variety of behaviors in 
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30-second epochs. Infant state was coded as asleep, awake non-distressed, or awake distressed. 
While asleep was the default, infant state was coded as awake non-distressed when the infant 
vocalized or displayed gross body movement for 15 seconds or more, or if their eyes were wide 
open. An awake distressed code was used when the infant expressed distressed vocalizations 
(e.g., crying or screaming) at any point in the 30-second epoch. For the purposes of our analyses, 
awake non-distressed and awake distressed were combined into a single awake state.  
Parental interventions were coded whenever a parent interacted with or responded to an 
awake infant. Interventions included actions such as feeding (nursing or bottle), physical contact, 
verbal soothing, or changing a diaper. Five minutes (10 30-second epochs) needed to pass after 
the completion of one intervention in order to code a second intervention. Thus, if a parent 
interacted with their infant more than once, but these behaviors were not separated by a full five 
minutes, only 1 intervention was coded. Inter-rater reliability was established between two 
coders for all codes (κ > 0.80). 
Three variables from videosomnography were used in the current study – total wake 
proportion (TWP), parental interventions (PINT), and proportion of self-soothed wakings 
(SSWP). TWP is a proportion score that represents the number of intervals where the infant was 
coded as awake divided by the total intervals included in the nighttime period. PINT is a measure 
of the number of times a caregiver interacted with an awake infant. SSWP is a proportion score 
calculated as the number of night wakings that did not receive a parental intervention divided by 
the total number of night wakings).  
Composite Scores – Sleep Consolidation and Regulation. Consistent with prior 
literature (Camerota et al., 2020), composite scores of sleep consolidation and regulation were 
used. The sleep consolidation score consists of three variables from actigraphy – LSP, NSR, and 
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NAPD. The sleep regulation score consists of three variable from videosomnography – TWP, 
PINT, and SSWP. To create the composite scores for infant sleep at 6 months, we first 
standardized all of the variables (LSP, NSR, NAPD; SSWP, PINT, TWP). Then, we reverse 
scored NAPD, PINT, and TWP, so that higher values of all variables were indicative of better 
quality sleep. Lastly, we created the two composite scores by averaging the respective 3 
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The overarching goal of this set of studies was to explore how we measure early sleep, 
and to better understand how it is shaped by parents and caregiving behaviors. These three 
studies were strengthened by their use of objective measurement of critical behaviors – notably 
those of parenting behaviors and infant sleep – and the use of a developmental lens to investigate 
these complex processes. While overall, the findings were not consistent with initial hypotheses, 
they add to the growing literature on this important facet of early development.  
In our first study, we introduced a measure scarcely seen in the sleep literature – that of 
instability, as captured by the mean successive squared difference (MSSD). While researchers 
have recently begun to question whether measures beyond the traditional mean values might 
provide us with novel information about early sleep, this study was the first of our knowledge to 
directly test the differences among three different variables that assess variation in sleep. We 
sought to compare how these variables – mean, variability, and instability – were associated with 
behavioral and cognitive development, and found evidence of distinct differences in these 
associations. Notably, variability and instability in sleep patterns were predictive of child 
outcomes above and beyond average sleep. Our findings therefore support the use of a measure 
of variability or instability in future studies to more deeply understand the processes surrounding 
early sleep.  
Our second study investigated the complex relation between parenting and child sleep. 
Prior studies have been limited by their use of subjective, parent-reported measures of parenting, 
sleep, or both. Through the use of objective measurement to prevent any biases or potential 
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confounding, we were able to more thoroughly examine these links. Additionally, we added to 
the literature by looking at parenting in more than one context; by utilizing measures of 
parenting during both the day and at bedtime, we were able to assess whether the context of 
parenting led to differences in associations with infant sleep. Our analyses revealed an absence 
of direct links between parenting and infant sleep, although there was strong rationale to believe 
they would exist, given the findings from prior literature (e.g., Teti et al., 2010; Tétreault et al., 
2016). This suggests that these links might in fact be moderated by external variables – such as 
child temperament or maternal psychopathology – and encourages the further investigation of 
interactions between parent and child factors.  
Our third study thus sought to further our exploration of the link between parenting and 
child sleep by focusing on the aforementioned potential interplay of maternal and child 
characteristics. Specifically, we tested interaction models to examine whether child emotional 
reactivity in two separate contexts moderated the association between maternal anxiety and 
nighttime interventions. While we did not find evidence of the hypothesized relations, we were 
able to glean important information about these complex linkages within our sample. Notably, 
maternal anxiety was not predictive of nighttime interventions. While this was inconsistent with 
prior findings of the link between other forms of psychopathology and sleep-related caregiving 
(e.g., Gueron-Sela et al., 2017; Teti & Crosby, 2012), in practice it is also a positive finding, 
given that these prior findings suggest that children’s sleep is negatively impacted by maternal 
psychopathology. Importantly, we acknowledge that our findings might be influenced by our 
measurement of anxiety, as we were unable to capture specific, parenting or sleep-related anxiety 
symptomatology, and did not assess clinical levels of anxiety. Nevertheless, this study serves as 
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a key step in understanding how various forms of psychopathology are associated with 
caregiving in the context of child sleep development. 
For the most part, the findings from these three studies did not align with our hypotheses 
– hypotheses that were formed based on prior findings and theory relevant to child sleep, parent-
child relations, and maternal psychopathology. However, it is important to consider what we can 
draw from these unexpected results. Replication of research is vital for understanding whether 
associations truly exist, or if they exist only within a certain sample at a given point in time. Our 
studies – albeit hindered by their own limitations – therefore call into question the 
generalizability of findings from the extant literature and present clear paths for future studies.  
Broader Implications 
This set of studies has a number of broader implications for research on sleep and child 
development. Critically, across our three studies, we failed to replicate findings that have been 
presented in extant literature that has used majority White, middle-class samples. This calls for a 
major push to recruit samples that are truly representative and draw from people across diverse 
groups, so that we can better understand if and under what circumstances these associations may 
exist. Diverse sampling has long been an issue within sleep research, and many of the national 
recommendations are based on studies of WEIRD (Western, Educated, Industrialized, Rich, 
Democratic) samples (Beebe, 2016). Additionally, in regard to infant sleep, there are a number of 
cultural norms, such as those related to breastfeeding and co-sleeping (McKenna et al., 2007), 
that might influence the development of early sleep, as well as the association between parenting 
and sleep.  
Furthermore, our findings reveal that within-group or within-person analyses can provide 
beneficial information beyond that which we derive from between-group or between-person 
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analyses. In the first paper, we provided evidence that understanding the variability within a 
child’s sleep patterns can be more informative than simply comparing their average sleep with 
that of another child. Since sleep patterns are rapidly forming and becoming more stable within 
the first year of life, examining how a child’s sleep deviates from their own norms can help 
elucidate why some are better sleepers than others. Inconsistencies in sleep patterns and 
behaviors could lead to poorer overall development, and these are best captured by a measure of 
variability or instability. Moreover, in terms of within- versus between-group analyses, while it is 
important to study diverse samples as mentioned above, it is also critical to look for differences 
within-groups. Studies that solely examine between-group differences, particularly those 
between different racial or ethnic groups, might do so in a manner that perpetuates 
discriminatory and negative group stereotypes or false narratives. Examining within-group 
differences acknowledges the fact that there is as much heterogeneity within as between groups, 
and that this uniqueness can have strong implications for the associations among caregiving, 
early sleep, and child development.   
Future Research 
Future studies should seek to expand upon the current set of studies to further explore the 
complex associations involving early sleep. First, as previously stated, future research should 
sample from diverse populations in order to be able to fully explore these linkages in 
representative samples. This would also aid in the generalizability of findings. Second, future 
studies should examine the role of fathers and other caregivers in the associations between 
caregiving behaviors and infant sleep. Many families live in multigenerational households, and 
grandparents or other family members might take on sleep-related responsibilities. Thus, while 
mothers should continue to be studied, other caregivers should also be included to gain a more 
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comprehensive picture of the sleep environment. Next, researchers should continue to investigate 
the interactions between environmental and child factors. Aside from parental behaviors and 
characteristics, there are a number of environmental factors that might play a role in the 
development of early sleep, such as household chaos, physical household features, and 
neighborhood deprivation (e.g., Grimes et al., 2019; Whitesell et al, 2018). Additionally, future 
studies should incorporate qualitative data collection, as this would allow researchers to better 
understand caregivers’ perspectives and attitudes surrounding child sleep. Lastly, to better 
understand how early sleep influences child development, as well as how parenting and parents 
influence sleep, future studies should examine these processes at later ages. We purposefully 
chose to study these processes in the first year of life due to the developmental significance of 
this time period, but it is critical to understand how they may play out as children grow and 
parent-child relationships evolve over time.  
Conclusion 
Taken together, this set of studies provide us with a better understanding of infant sleep, 
including how to best measure it, how it influences broader development, and how it is impacted 
by parents and caregiving behaviors. It is our hope that these three studies should act as a 
foundation upon which future studies can build and expand, so that we may better comprehend 
these nuanced, yet vitally important, processes. By unpacking these associations in one’s earliest 
days, we can seek to promote better sleep health and in turn, positive development in childhood 
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